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PREFACE
Preliminary results of a water supply case study on the
Island of Maui were published in April 1975 as Appendix F to
the Water Supply Study Element Report.
The case study has been finalized and has been incor-
porated into the proposed "Guidelines for Regional or River
Basin Planning (Level B)" published by the U.S. Water Resources
Council for fiel~ evaluation in March 1976.
The case study is reprinted herein with its original
pagination.
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SUMMARY LEVEL B STUDY: Outline
The Summary Level B Study is designed to briefly and concisely communicate to
the public the results of the water supply study team effort on Maui. It con-
sists of five principal sections:
I Study Initiation
II Study Focus
III Study Results
IV Study Implications
V Study Implementation.
I. Study Initiation
Purpose: To convey ~o the public the type of problems, concerns and issues
that were considered at the beginning of the Level B investigation.
Example: For the water supply effort on Maui problems were identified in
five categories:
Purpose: To convey to the public: (1) after a broad listing of problems,
the study team narrowed the scope of their investigation to a set of
specific study focuses; and (2) the type of questions addressed.
Demand:
Supply Sources:
Demand/Supply
Comparisons:
Water Supply System:
Institutional:
II. Study Focus
Water demand projections (expected growth) for
tourism and agriculture; effects of drip irri-
gation on agricultural land use and sugar pro-
duction.
Impact of surface water rights and minimum
streamflow requirements on water source
development.
Study of economic and physical feasibility of
seasonal storage and groundwater recharge.
Develop a "best" plan for water supply and
recommend studies to determine appropriate
parameters.
Given a "best" plan, develop implementation
mechanisms for government and private interests
v
Focus 2
~ssess impact of drip irrigation
on agricultural land use and
$~gar production.
~~at are the irrigation require-
~ents under drip irrigation?
Bow much is groundwater re-
c~arged and what is the recovery
rate under furrow irrigation?
v.-:~at is the sugar production
pe~ acre under drip irrigation?
II~. Stud'l Results
Focus 5
Develop "best'· plan for water
supply given uncertainty in basic
parameters and recommend studies
to determine appropriate para-
meters.
What sources should be used
(high level groundwater,
basal groundwater, stream-
flow, wastewater, saline
water, groundwater recharge)?
How should sources be connected
to demand?
What problems need further
investigation?
l or.,".
Purocs~: To convey to the public: (1) the recommendations of the study team
for ~~ose problems selected as a focus for the study; (2) the type of prob-
lems not resolved by the study.
EXa::lple: For Focus 2: "Assess impact of drip irrigation on agricultural land
use and sugar .:;roduction" the study team developed a program of investigations
L~at will ass~re that improved estimates on drip irrigation are available
wne~ pl~is for ~e period 1985-2000 need tq be finalized. The study team
did not make any improvements in the available estimates associated with drip
i~rigation.
Study I~plications
P~r?0se: To convey to the public the tangible outputs that will result from
i~~lementing L,e study.
EX-=..:7::Jle: For I·laui, the main implications for implementing the 1985 water
5~~?ly plan are indicated on the map on page 273.
v. St~jy I=plementation
P~~~ose: To convey to the public: (l) the cost associated with implementing
~~~ study tea~ts recommendations; and (2) the institutional arrangements
a~~ ~ype of projects necessary for the implementation.
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SCALE IN MIl.ES
KEY IMPLICATIONS OF WATER SUPPLY PLAN FOR THE ISLAND OF MAUI
I Example: The total cost of the Level B water supply plan is estimated at
$35,000 1 000. These costs are ~o be shared between government and private
sectors in the follo·Ning proportions:
Participant
Federal
State
Local
Private
10%
1%
11%
78%
The types of projects are summarized in the following table for the differ-
ent Level B participants.
Participant
Federal
State
Local
Private
Projects
Environmentally oriented investigations;
financial support for actions of the
water supply system designed to enhance
the environment.
Contributions to design studies for com-
ponents of the water supply pland and
future investigative studies.
Planning, construction, and implementa-
tion of domestic water supply system;
contribution toward private system de-
velopment (plans) to facilitate further
development of Maui.
Planning, construction and installation
of water supply system to support sugar
and tourist industries •
. The assig~~ent of L~ese actions to the' various participants is based upon a
. combination of their (I) expertise, (2) legal authority and jurisdiction,
and (3) interest in specific projects as they relate to their own missions.
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Section IV-H
Case Study:
Level B Water Supply Planning on Maui
(Hawaii)
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aCase Study: Level B Water Supply Planning on Maui (Hawaii)
This section illustrates the Level B planning process for the water
supply element in the Mau! subregion of the Hawaii Level B Study. The
objective is to demonstrate Level B plan~ing using the Maui case study in
order to illustrate to the reader the process and major milestones to be
expected. "Milestones" are stressed as they present the type of output
to be generated, i.e., in Phase 1 this includes information displays
needed to structure the process, key decisions to be made by study
manager and team, and, timing for and content of the interaction between
the water-supply study effort and those responsible for developing plans
in other functional areas of the Level B Study. While the material pre-
sented focuses on water supply, its applicability extends to other
functional areas included in a Level B Study.
The information in this section follows the outline of the plan-
ning process given previously, illustrating the four phases as follows:
First, for Phase 1, the development of an information base for water
supply is presented. Secon, Phase 2 is addressed by presenting direction
memoranda specifically focused towards water supply on Maui and illustrating
the initial plan. Third, the formulation of plans "emphasizing NED and EQ
as well as mixed obJectives is presented together with an assessment of
associated tmpacts in Phase 3. Finally, Phase 4 is illustrated by addressing
a number of key decisions and associated tradeoffs resulting in a recom-
mended plan.
The format u~ed is intended to assist the reader in cross referencing
to previous parts of Section IV and in understanding the major outputs to
the planning process. Material which demonstrates these outputs is pre-
sented in the right hand pages; references to Section IV and explanatory
comments are given on the left hand pages. It is noted that detailed
procedures used to generate the outputs are usually not included since
these will vary from study to study depending on the experience of a
particular study team and the requirements of a specific planning setting.
However, in the case where the procedures used are somewhat generalizable,
they are briefly discussed in the description of the process in pre-
vious parts of this section.
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Information Display No.3: Content of Presentation for Public
Involvement
Information Display No.4: Final. Selection of Focuses and
Functional Interactions
List of All Problems
Level B Focuses
PHASE 1 AND INFORMATION DISPLAY NO.1: Comments
Information Display No.2:
IPHASE 1: DEVELOPMENT 0 OF AN INFORMATION BASE FOR WATER SUPPLY ON MAUI
i
'\: The purpose of Phase 1 is: (1) to start the planning effort for
water supply on Maui by surfacing all problems relevant to Level B, (2) to
[select focuses for the study, and (3) to initiate the interaction between
lwater supply and other functional areas. Key outputs in this phase are:
1
I------~.... Information Display No.1:
01
I
1 INFORMATION DISPLAY NO.1: Develops a comprehensive list of
~rablems organized according to an appropriate set of problem categories
~e1ated to the Maui water supply problem, and systematically identifying
rr~lems within each category (Section IV, pages 44 through 46).
i 1. During the initial stage of developing the list of problems,
I a precise choice of problem categories is not crucial as the
! list is subject to later modification. Its main purpose is
! to provide an organized framework for systematic collection
of problems. In the case study the last category on Insti-
tutional Arrangements was added after cost sharing problems
surfaced in the interviews.
(continued on page 88)
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INFORMATION DISPLAY NO. 1.1: Water Supply Problem Categories ~ ,
Categories
Demand Estimation
Supply Measurement
Demand/Supply Comparison
Water Supply System
Institutional Arrangements
87
Main Characteristics Relevant
to Level B
~
Uncertainties in demand due to un-
certainties in the underlying factors
of the demand such as land use and
population projections.
Estimated cost and yield of supply
sources.
Seasonal shape of demand and supply;
variability of supply.
Choice of sources, location, reuse
and transportation.
Cost sharing priva~e/public; laws
and regulations.
INFORMATION DISPLAY NO.1: Comments (cont.)
2. A total of 31 problems were identified in the various categories.
These resulted from: (1) the insight of the reviewers who surveyed
reports including land use plans, newspaper articles, minutes of
meetings, and detailed water supply plans; (2) conversations with ex-
perts concerning detailed operations of irrigation systems, planter's
views on drip irriga~ion, cost sharing between plantations, resort and
county development, and personal views on demand, supply and the en-
vironment; (3) checking through the list of EQ problems in the P&S.
The withdrawal of all water from perennial streams during summer months
is an example of the latter. The list of problems shown on the oppo-
site page represents some typical problems of the entire display.
3. The list of problems was substantially modified after interviews with
experts. For example: (1) transmission of water from southwestern part
of East Maui was deleted from consideration; (2) increased energy needs
for pumping in an expanding system was added; (3) implementation of
drip irrigation was identified as less of a problem than uncertainties
of its effects. Recommendation: After compiling an initial list of
problems, talk to experts and concerned public at earliest possible
time.
4. In the case study there was limited contact. with the concerned public,
and access to environmental experts was difficult. Recommendation:
These sources should be consulted early in the study in order to improve
upon an initially prepared list of problems.
5. It is noted that the range of problems considered for water supply ex-
tend well beyond a more conventional requirements approach where the
emphasis is on designing a system to meet preestablished requirements.
In fact, the uncertainty in requirements is a large part of the water
supply problems on Maui.
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System Problems
........r--..'"
INFORMATION DISPLAY NO. 1.2:
List of Problems
Comment. Examples of cost-sharing prob-
lems: (1) exchanging wastewater for
fresh water; (2) exchanging saline water
for fresh water; (3) developing distant
sources.
Comment: Ruling on surface water rights
is particularly important in this res-
pect, in addition to water rights asso-
ciated with land ownership.
Problem: Increase of groundwater re-
sources by recharging in-wet season.
Comment: Little is known about the
effect of recharge on groundwater re- ;
sources on Maui. EPA regulations on Institutiona~
qualittt of ocean water restrict the dis- Problems [
charge r"~ f
of cos 1. Problem: The cost-sharing of develop-
ing ~ew sources between sugar cane,
tourist industry I and municipal water
supply.
Commen
-at the
tailed
treate
sugar
mill p 2. Problem: Impact of water rights on de-
tion. velopment of water supply system and
are of on cost-sharing.
ed for
for ir
becaus
sugar
No infity ch 3. Problem: Impact of land ownership on
sugar development of water supply system and
on oost-sharing.
2.~
irriga
course
more
requi
~
Systel
vent
losse~
ducti<
~
from ~
Comment: Examples of such streams are
Kahakuloa, lao, Honopou and Kapaula. Not
clear if there is a federal law limiting
such withdrawals. Demand and Supply Comparison
~
Commer
~
such ~
sive 1 3.~
have (
cultu
ience
Demand Problems
,....
2.~ 1. Problem: By year 2000 total estimated
source demand for island is close to economic-
East ~ ally available supply.
quirir Comment: Economically available supply
is estimated at 700 mgd based on maxi-
mum available supply estimate, recov-
ery rates, and economic feasibility of
source. Excludes use of sources in
Hydroc raphic Areas IV and V for trans-
fer.
1.2.~
~
Hydro~
sive l:
inq cc
expanc
more E
throu~
3. ProblE
Iii9SC
and V
Supply Problems
r"~,....
1. Problem: Surface water withdrawal turns
perennial streams dry during part of the
year.
Co~~ent: Procedures followed are not
the same, i.e., one is based cn acres
of land use, other on population pro-
jections. Difference in underlying
assumptions di:ficult to identify.
1. ?roblem: Different domestic demand pro-
jections by different agencies.
2.~
demanc
plicit
~
use ac
demanc
exampl
due tc
balanc
agricu
3. ?roble
iiWi'df
and az
Commen
hotels
counte
4. Preble
,,--.
Comrnent:The need to transport water
across private lands may influence ~~e
feasibility of a system.
4. Problec: Federal regulations with re-
spect to water quality.
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INFORMATION DISPLAY NO.2: Comments
INFORMATION DISPLAY NO.2: Analyzes and screens Display No. 1 and
selects potential Level B focuses (Section IV, pages 46 through 49).
1. It was found useful to choose one or more initial focuses in
each problem category shown in Information Display No.1, so
as to provide a direction for information gathering and to
limit this effort to information needed to back up selected
focuses and priority ranking of problems. Choice of initial
focus is largely based on judgment, is preliminary, and is
s~ject to change. For example in the demand category an ini-
tial focus was:
"study the uncertainty of water demand projections
and need for increased accuracy."
To justify this focus information gathering was directed to-
wards determining the influence of improved accuracy on choice
of Level C studies and the importance of improved accuracy
for different demand components. This investigation provided
a stronger focus, i.e.,
"develop more accurate water demand projections for
the tourist industry and for agricultural and indus-
trial needs in sugar production (Focus 1),
which subsequently was extended to include:
"assess the impact of drip irrigation on agricul-
tural land use and sugar production (Focus' 2).
In the supply category an initial focus was:
"obtain improved estimates of yields and costs of
water supply sources on Maui".
To justify this fpcus information gathering was directed to-
wards determining the need for this knowledge in improving
the water supply plan and its importance for different sources.
As a result of this investigation the initial focus was de-
leted and replaced by:
"evaluate the impacts of (1) the Hanapepe decision with
regard to surface water rights, and of (2) possible
(continued on page 92)i._~..-4- ----------------""-""
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INFORMATION DISPLAY NO. 2.1: Potential Focuses for Water 'Sup~ly .Study on Ma~
II
h
Problem categories
Demand Estimation 1.
Ii
Ii
Develop more accurate water demand projectio~a
for the tourist industry and for agricultura]ji
and industrial needs in sugar production. I]
ii
2 . Assess the impact of drip irrigation on agri~;
11
cultural land use and sugar production.
Evaluate the impacts of (1) the Hanapepe de-
cision with regard to surface water rights,
and of (2) possible requirements for minimum
streamflows, on the need for an additional
investigation and subsequent development of
supply Gources.
Supply Measurement
Demand/Supply Comparison
Water Supply System
3.
4.
5.
II i
11 I
Ii I
II i
iii!
III
ill
Ii I
Ii I
1,1,1, I
ii" II:
i1
Outline a program for developing info:rmation 11"'1
the economic and physical feasibility of sto~
ing water between seasons by recharging of I
the groundwater. III
IiDevelop a "best" plan for water supply to th~
extent possible given the uncertainty in II
basic parameters, and recommend specific stu1 s
to determine appropriate parameters for com- Ii
pleting this plan. :1
Institutional Arrangements 6.
11
Given a best plan, develop alternative cost-I:
sharing rules that will be required to imple~
ment the plan; determine benefits to each !i
party under alternative cost sharing strateg~
and compare with the situation where there i~
no agreement. I
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INFORMATION DISPLAY NO.2: Comments (cont.)
requirements for minimum streamflows, on the need for an addi-
tional investigation and subsequent development of supply
sources (Focus 3).
2. The choice of these initial focuses represents a judgmental
and prelimin~ry effort. It is noted that the effort to ini-
tially choose a focus is not wasted when a focus is subse-
quently modified. Rather it provides a useful starting
point for an organized investigation.
3. Several problems of concern to Level B were combined into one
focus. Problems which were considered to be outside the realm
of Level B are described together with the rationale for their
exclusion. This is illustrated for the demand estimating
category in Information Display No. 2.2.
4. When the list of focuses was selected, each was analyzed in
order to arrive at priorities among focuses, and to select
those focuses to be further pursued in the plan formulation
efforts. For those focuses not specifically addressed in plan
formulation, recommendations were prepared in Phase IV.
(continued on page 96)
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INFORMATION DISPLAV ~O. 2.2: Focusinq as Illustrated for
Demana Estimatiol1 category
Demand Estimation Problems on Maui Focus
-_'__ ....1_.. a]
Assess impact of
irrigation on
land use and sugar
duction.
Develop more accurate
demand projections
tourism, agriculture
and industrial needs.
2.
1.
4. No breakdown of demand by
elevation and qu~lity.
6. Uncertainty in future
demand.
3. Procedures for demand
estimates of golf courses
and hotels are unclear.
5. No land use plan for Kula.
2. Nonexplicit agricultural
demand assumptions.
7. Effect of drip irrigation
on sugar cane demand un-
certain.
1. Different domestic demand
projections.
8. Quality of water demanded
by Safe. Water Drinking Act.
9. Effect of cost increase on
demand.
(continued on page99S,
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Demand Problems
;. !
4.
INFORMATION DISPLAY NO. 2.2 (cont.): Problems Not Considered
as Illustrated for Demand Estimation category
No breakdown of demand by elevation and quality.
Reasons: The problem of separating demand projections by quality and
elevation is relatively straightforward, and should be considered when
making detailed projections for use in Level C planning. For Level B both I
elevation and quality should be considered in demand projections, but are
not a serious enough problem to be used as a focus for the study.
8. Quality of water demanded by Safe Water Drinking Act.
Reasons: The water quality standards present no serious regional Level B
concern but should be reflected in the demand estimates made for Level B
problems in Maui. It is not included here because it is not expected to
change any projects recommended for follow-on Level C study.
_f
9. Effect of cost increase on demand.
Reasons: The effect of increase in cost of water on domestic and tourist i
industry demand is difficult to estimate and is not expected to be substan-!
tial. On the other hand, sugar cane growers on East Maui have decided thatl
the cost of any new supply sources are too expensive and more efficient usel
of existing sources should be considered only. Because of the importance 0
studying the effects of drip irrigation and because of the complexity of in~
vestigating the sugar growers' response to increased water prices, this '
assumption is not further investigated in the Level B study. In the futurel
however, studies undertaken by sugar companies in this respect should be I
reviewed and enlarged upon where needed.
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INFORMATION DISPLAY NO.2: Comments (cont.)
5. The key elements of the analysis providing the rationale for
inc1uding the focus in the plan formulation efforts are dis-
played for Drip Irrigation (Focus 2) and for Water Supply Sys-
tem (Focus 5).
6. Based on comments made in the workshops, the value of cl~arly
stating all assumptions cannot be overestimated. These
assumptions may very well be open to criticism, as happened
in the case study. For example, in justifying the drip
irrigation focus there was no universal agreement on the
values for irrigation needs and sugar cane production under
drip irrigation; in addition there were questions regarding
land availability at sugar plantations and the intensity with
which the land will be used. In the case of exchange between
wastewater and freshwater, comments included the fact that
wastewater needs to be delivered to alternative fields de-
pending on the nutrient requirements, the local plan for
wastewater was an infiltration well instead of outfall, and
the vaLue of the nutrient content of wastewater for sugar
growth was not included in calculation. These comments did
not alter the conclusions reached, however, and provided a
starting point for cooperation in the next planning phase.
7. It should be noted that exploratory calculations for each
focus are totally based on the ability to make explicit
assumptions ~out uncertainties. This will in turn generate
a basis for discussion.
(continued on page 98)
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INFORMATION DISPLAY NO·. 2. 3 : Rationale for Focus 2
Focus:
2. Assess the impact of drip irrigation on agricultural land use and
sugar production.
Reason:
uncertainties in land use and sugar production result from uncertainties
in requirements for drip irrigation, in the recharge of groundwater and
its recovery under furrow irrigation, and in the total amount of sugar
production under drip irrigation.
Exploratory Calculation:
Exploratory calculations were made to investigate the impact of varying
tions regarding drip irrigation on land use and sugar produc:ion on Maui.
Assumptions
Total acreage of sugar cane fields is 30,000.
Average annual yield per acre is 6 tons for furrow and 7.25 for drip
irrigation.
Application rate for furrow irrigation is 10,000 gallons/acre/day and
for drip between 6,250 and 8,000 gallons/acre/day.
Low and high values for groundwater recharge from furrow irrigation
are assumed to be 25 percent and 40 percent, respectively, and 0 per-
cent for drip irrigation.
Low and high values for recovery of groundwater are assumed to be 20
percent and 60 percent, respectively.
All water available for furrow will be used under drip irrigation.
Three cases are considered with the following assumed parameter values.
Furrow to Drip
Parameters Fl..lrrOW Case 1 Case 2
Annual Yield (tons/acre) 6 7.25 7.25
Applic. Rate (gals/acre/day)" 10,000 6,250 8,000
Recharge Rate for
Furrow NA 25% 40%
Recovery Rate for
Furrow NA 20% 60%
(continued on page 99)
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INFORMATION DISPLAY NO.2: Comments (cont.)
8. The water balance provides a useful and simple tool to analyze
interactions between the different aspects of water supply;
i.e., the effect of change to drip irrigation on the avail-
able groundwater.
9. It is emphasized that the exploratory calculations are spe-
cifically directed to arrive at conclusions regarding the
merits of further pursuing a focus. In some cases these
exploratory calculations reinforced an initially perceived
need for study while in other cases the initially perceived
problem was considered of less importance and a modified
focus resulted.
(continued on page 102)
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The following are results of the exploratory calculations:
Used in Plants or
Lost by Evapotranspir
Seepage to Ocean
:
Irrigated
Sugar Cane
Rationale for Focus 2
Recovered
Groundwater
:t t l ~ ~
t 'It Recharge of I ~ ~'Groundwater , --~
t it --== .=. =-==- ==-=- = • I ~-=-=-----.-.--:. -I ------- -- t ---- ---t ~.=--~=-U +-----
Groundwater~Pumping
~
INFO~MAT10N DISPLAY NO 2.3 (cant.):
Results:
Total Water Decrease in
Used Under Recovery of Total Water Acres Annual S
Cases Furrow Recharge Available Used for Producti
Investigated in MGD in MGD in MGD Sugar Cane in Ton
Furrow 300 0 300 30,000 180,000
Furrow {c 1 300 15 285 45,600 330,600ase
to
D' Case 2 300 72 228 28,500 206,625r1p
Conclusion:
There is a substantial difference in land use and sugar production under
Case 1 and Case 2; thus Focus 2 is justified and merits further study.
99

INFORMATION DISPLAY NO. 2.4: Rationale for Focus 5
Focus:
5. Develop a "best" plan for water supply to the extent possible given
the uncertainty in basic parameters, and recommend specific studies
to determine appropriate parameters for completing this plan.
Reason:
The choice of components to be used in the Maui water supply system
resolved in an overall master plan. Choices include:
Exchange of wastewater in sugar field irrigation for freshwater in
domestic use.
Exchange of saline water in sugar field irrigation for freshwater in
domestic use.
Recharging of groundwater with excess water during winter months for
use in summer.
Transfer of water used to grow sugar cane to domestic use.
Use of bagasse to satisfy energy requirements for pumping of water.
Exploratory Calculations:
Exploratory calculations were made for each of the above components to
investigate the feasibility of considering it in development of a water
supply plan for Maui. Results were used to recommend alternatives for
study. One ·choice is examined here: the exchange of wastewater for
water in sugar cane production.
Wailuku
(elevation: 100')
Wailuku
Sugar
(Elevation: 300 ' )
101
Ocean
Without wastewater reuse
With wastewater reuse
(continued on page 103)
INFORMATION DISPLAY NO.2: Comments (cont.)
10. The conclusion stated on the opposite page exemplifies the
use of exploratory calculations. The fact that the cost
of the alternative considered is comparable to the cost of
alternatives presently considered on the island provides
important justification for addressing wastewater reuse in
the plans.
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INFORMATION DISPLAY NO. 2.4: Rationale for Focus 5 (cant.)
Results:
The following are results of the exploratory calculations:
The discount rate is 7 percent and the planning horizon 50 years.
$322,326
$3,379,200
77,469
77,469 + .07246 x 3,379~200
$1,056,000
971
971 + .07246 x 1,056,000 = $77,489
Ocean Outfall:
Cost of pipeline:
Energy cost per year:
Annual cost:
The energy requirements are estimated using a formula based on
the pump horsepower equation and $0.03/kwh.
The length of outfall is 1 mile; distance from Wailuku treatment
plant to Wailuku Sugar fields is 4 miles; distance from Wailuku
basal to Wailuku is 4 miles.
The outfall and transmission pipelines are 36" in diameter; fric-
tion losses amount to .5 ft. per 1,000 ft.
Wastewater can be used interchangeably with freshwater to grow
sugar cane.
Assumptions:
The available wastewater is 8 mgd which is equal to the projected
domestic demand for 1990.
The installed cost of transmission pipeline and outfall are
$SO/foot and $200/foot, respectively.
Wastewater/Freshwater Exchange:
Cost of pipeline
Energy cost per year:
Annual cost:
Cost of Freshwater:
(322,326 - 77,489) / 8,000 x 365 = $.084/1,000 gallons
Sensi.tivity Resul ts.:
Increasing the distance from 4 miles to 8 miles doubles the cost of water.
Increasing the energy cost from $0.03jkwh to $0.06/kwh increases the cost
of water by 31 percent.
Conclusion:
The resulting cost of water is comparable to the cost of other alternative
costs(which range between $0.06 and $0.30 cents per 1000 gallons); thus
this alternative should be COllsidered in the development: of an overall
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INFORMATION DISPLAY NO.3: Comments
PHASE 1.
Infonnation Display No. 1
Information Display No. 2
.. Infonnation Display No • 3
Information Display No. 4
INFORMATION DISPLAY NO.3: Synthesizes the content of the presen-
tation to the public regarding potential focuses and functional interfaces
(Section IV, pages 49 through 51).
1. Information Display No. 3.1 provides an example of the type
of information to be presented for Focus 5 at meetings with
the public. Displays 3.2 and 3.3 provide supporting
illustrations. The emphasis in selecting information is on
a simple and straightforward explanation of rationale and
importance of the potential focuses with minimal use of tech-
nical language.
2. It is noted that Information Display No. 3 differs from the
actual displays that may be required for communication pur-
poses such as slides, graphs, pictures, maps and oral explana-
tions. Once the study team decides what type of information
to convey, the need for an effective communication format
becomes a subsequent consideration.
3. Information Display No. 3 is based on two efforts performed
by the water supply team: (1) preparation of Information
Display No.2, and (2) identification of the interface with
other functional areas from a water supply perspective.
Displays 3.1, 3.2 and 3.3 are extracted from Information
Display No. 2 while Display 3.4 relates to the second effort.
Display 3.4 is used to initiate multifunctional planning and
to present the public with the various interfaces perceived
by the team.
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INFORMATION DISPLAY NO. 3.1: Content of Water Supply
r Presentation for Meetings with the Public: Focus 5
1. Present sununary of the focus for the water supply system problem on
Maui •
..Fo.cu~ 5:. Develop a short-term plan for a water supply system on Maui,
and o~ganize a program of investigation that provides informa-
tion for long-term plans.
2.
3.
Present the background information needed to facilitate understanding of
the problem.
Explain general concerns in developing a water supply plan:
Low cost of water.
Efficient use of water.
Balance between uses such as for sugar cane, tourism, municipal
services, and streamflow for fish and wildlife.
Protection of environmental quality.
Energy needs of expanded water supply system.
Describe possible supply sources available for extending the water
supply system:
Additional groundwater development, mainly on West Maui.
Further depletion of streams on West Maui.
Pumping of water at Big Spring to ditch system.
Exc~ange of wastewater or saline water used for sugar cane irri-
gation with freshwater used for domestic services.
Des~r10e uncertainties in key parameters which influence
on ~ystem design:
Effect of continued implementation of drip irrigation on irri-
gation requirements.
Feasibility and safety of using wastewater for' sugar cane irri-
gation.
Yield of groundwater sources in West Maui.
Growth of tourism and sugar cane acreage.
Streamflow requirements in summer for perennial streams.
Explain the essence of the relationship between uncertainty in factors
lying the choice of system components and development of an overall water
supply system plan. As an understanding of this relationship is crucial to
understanding the focus for the study, give examples of uncertainty, such
A change in the efficiency of drip irrigation may influence the
decision to include a transmission line from Ease Maui streams
Kihei in the plan (see Information Display No. 3.2).
(eontinued
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INFORMATION DISPLAY NO. 3.1: Content of Water Supply
Presentation for Meetings with the Public: Focus 5 (cant.)
Minimum streamflow requirements may have a substantial effect on
system design (see Information Display No. 3.2).
In addition to public health considerations, the efficiency of
drip irrigation may have an effect on the inclusion of wastewater
for sugar cane irrigation in the system plan (see Information Dis-
play No. 3.3).
4. Outline the conclusion reached after identifying uncertainties such as the
above.
There are several options available for inclusion in a water supply
system plan. However, the uncertainties underlying each option are
substantial and before a choice can be made further study is needed
to determine the feasibility of a particular option.
5. Restate the focus which is presently being considered for the water supply
system problem on Maui.
Reiterate the necessity of reducing and/or resolving key uncertain-
ties in .factors related to long-term decision making for a water
supply system plan.
Restate the proposed focus for the water supply system problem:
Develop short-term (10 year) plans for public consideration
which include both separate NED and EQ plans and a mixed NED-
EQ plan. This development effort will include consideration of
uncertainties which have implications for future decision mak-
ing such as the effect of using wastewater for sugar cane irri-
gation or of imposing minimum streamflow requirements for fish
and wildlife. The plans developed will ultimately be used for
selecting a short-term plan to be recommended for implementation.
Develop a program of investigation designed to reduce and/or
resolve the uncertainties underlying a decision to choose a par-
ticular component in a long-term plan. (For the purpose of this
focus, long-term is defined as after 1985.) Key uncertainties
include: (1) public health considerations in using wastewater
for sugar cane irrigation, and (2) demands on summer streamflows
in perennial streams. Parameters related to drip irrigation
such as applic~tion rate, infiltration and recovery rates, are
covered in Focus 2.
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INFORMATION DISPLAY NO. 3.2: Influence of Irrigation Efficiency
and Minimum Streamflows on System Plan
East Maui
streams
Option With Increased
Efficiency from Drip
Irrigation
Basic Option
East Maui
Streams
Reduced Demand
at HC&S
165
165
25
Kihei
Central
Basal
• Wailuku
Basal
10
115
Reduced Flow
from
East Maui streams
Big Spring
East Maui
Streams
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Sugar' Cane
Treated Effluent Pumped
Up to Sugar Fields
111
High Level Freshwater
From Ditch System
to Wailuku
In Drip Irrigation
""-.~==========~6 , 000 Gallons Per
Acre Per Day
High Level Freshwater From Ditch
System Passed on From Sugar Fields
to Wailuku as a Result of Water
Savings Due to Smaller Water Appli-
cation Rates
Wailuku
Wailuku
INFORMATION DISPLAY NO. 3.3: Dependence of Wastewater Use
on Drip Irrigation Efficiency
Treated Effluent
Injected Into the
Ground
Option 1
Option 2

INFORMATION DISPLAY NO. 3.4: Interactions From A Single Function Perspective
Fish and Wildlife
Minimum stream-
flow requirements
for fish and wild-
life in perennial
streams such as
Kahahuloa, lao,
Honopou and
Kapaula.
Ecosystem changes
due to diversions
for sugar cane
irrigation.
Water Quality
and
Wastewater Mgmt.
Pollution due to
siltation in
inshore waters
caused by irri-
gation practices.
Use of waste-
water at Wailuku,
Lahaina and Kihei
as a supply
source for sugar
cane irrigation.
Quality of drink-
ing water, i.e.,
violation of stan-
dards in Makawao
area.
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Flood
Control Recreation
Recreational
use of streams
in forest
reserves at
upper eleva-
tions.
Sedimentation
Consistency in
assumptions re-
garding irri-
gation to cal-
culate erosion
losses.
iINFORMATION DISPLAY NO.4: comments
PHASE 1
Information Display No. 1
Information Display No. 2
Information Display No. 3
,. Information Display No. 4
INFORMATION DISPI,AY NO.4: (1) reflects priorities and possible
modification of the focuses selected for further plan formulation based
on feedback received from the public when all Level B focuses were pre-
sented ~o them, and (2) formalizes the interactions to be dealt with in
the study as agreed upon by the various teams given the selected focuses
(Section IV, pages 51 through 53).
1. For the purposes of the case study, the only interactions con-
sidered are between water supply and water quality -and waste-
water., arid between water supply and fish and wildlife. Thus
interactions of water supply with recreation and sedimentation
ar~ not further analyzed.
2. potential pollution due to siltation in inshore water from irri-
ga.tion practi~es was considered to be an important interface
from a water supply perspective (see Display 3.4). However,
after consulting with study teams engaged in water quality
planning efforts it was concluded that this inter~ace could
be eliminated because of discharge limitations. It was further
noted that wastewater as a potential supply source should be
included a~d an assessment of quality of wastewater for sugaz
cane irrigation should be added. The latter was judged to
be important because of the high content of nutrients in
wastewater which makes it noninterchangeable with freshwater.
Finally, while quality of drinking water due to violation of
standards in the Makawao area was initially identified as a
possible interface (see Display 3.4), it was later eliminated
because planning efforts are already underway to address this
issue.
3. In .the interface with fish and wildlife, ecosystem changes due
to diversions for sugar cane irrigation (see Display 3.4) was
eliminated from further consideration because extensive
analysis, under~aken by the Fish and Wildlife team, would be
necessary to identify ecosystem changes before analysis of
this interface could be fruitful.
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INFORMATION DISPLAY NO.4: Final Selection of
Focuses and Functional Interactions
Focus 5: Develop best plan for water supply to extent possible given
the uncertainty in basic parameters, and recommend specific
studies to determine appropriate parameters for completing
best plan.
Water Supply
Fish and
Wildlife
Functional Interactions Selected
Focuses Selected
The following focuses are selected based on the assignment of priorities to
the potential Level B focuses and given the budget and time constraints of the study:
Focus 2: Assess impact of drip irrigation on agricultural land use
and sugar production.
Water Quality
and Wastewater
Management
Flood Control
Recreation
Erosion and
Sedimentation
Navigation
Minimum
streamflow
requirements
on perennial
streams
Wastewater as
a possible
supply source.
Quality of waste-
water for sugar
cane irrigation.
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PHASE 2 AND DIRECTION MEMORANDA: Comments
PHASE 2: FIRST ITERATION TOWARDS FORMULATION OF PLANS AND/OR STRATEGIES
The purpose of Phase 2 is to further specify the direction of the
water supply plan formulation efforts on Maui and to formulate an Initial
Water Supply Plan. K'ey outputs in this phase are:
-------~.. Direction Memoranda
Initial Plan
DIRECTION MEMORANDA: Serve the dual purpose of (1) presenting the
study team's view of the work plan regarding each selected focus for the
study manager's review, and modification or approval of the work proposed,
and (2) providing the study manager with a basis for formalizing multifunc-
tion coordination between the water supply study team and efforts in other
functional areas. For the first purpose, it is necessary to provide the
study manager with specific rationale for the effort proposed in order to
facilitate decision making. Two such Direction Memoranda are illustrated:
Water Supply System (Focus 5) and Drip Irrigation (Focus 2). A third Direc-
tion Memorandum is presented to illustrate the second purpose. It addresses
the interface between water supply and water quality and wastewater manage-
ment, and between water supply and fish and wildlife (Section IV, pag~s 55
through 68) •
1. Direction Memoranda p;repared by the study team address: (.1)
special considerations which provide the basis for the work
plan proposed; (2) anticipated study output; (3) key elements
delineating the water supply work plan which in turn will
provide a benchmark for measuring the team's effort.
2. All Direction Memoranda prepared by the teams for the different
focuses selected within each functional area are reviewed by
the study manager in order to decide on an overall work plan
for the Level B study. This work plan, to be presented in the
First Cut Report, details the study effort for each focus to
be addressed in the Level B study. Thus based on the review,
the proposed efforts may be accepted, reduced in scope, or
replaced by others more in line with available budget and time.
In addition, after reviewing the Direction Memoranda from the
various teams, the study manager organizes the multifunctional
aspects of the s·tudy by delegating the responsibility for cer-
tain multifunctional efforts to study teams either on a perman-
ent or preliminary basis. The results are summarized in a
Direction Memorandum by the study manager.
(continued on page 118)
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DIRECTION MEMORANDUM: Water Supply Systems
To: Study Manager
From: Water Supply Team
, Date: May 15, 1975
Subject: Water Supply System (Focus No.5)
1. PUrpose
The purpose of this memorandum is to delineate the anticipated output and
associated effort by the team in addressing the Water Supply System Focus No. 5
presented to the public in Phase 1:
"Develop short-term (10 year) plans for public consideration which in-
clude both separate NED and EQ plans and a mixed NED-EQ plan. This de-
velopment effort will include consideration of uncertainties which have
implications for future decision making such as the effect of using
wastewater for sugar cane irrigation or of imposing minimum streamflow
requirements for fish and wildlife. The plans developed will be used
for ultimately selecting a short-term plan to be recommended for imple-
mentation."
"Develop a program of investigation designed to reduce and/or resolve the
uncertainties underlying a decision to choose a particular component in a
long-term plan. (For the purpose of this focus, long-term is defined as
after 1985.) Key uncertainties include: (1) public health considerations
in using wastewater for sugar cane irrigation, and (2) demands on summer
streamflows in perennial streams. Parameters related to drip irrigation
such as application rate, infiltration and recovery rates are covered in
Focus 2."
This memo describes the scope of the study team efforts, special consideration,
constraints, budget, and time frame. It represents the study team's approach
to the selected focus and will serve as a basis for deciding on the planning
steps ahead.
2. Considerations
Key considerations of the study team in defining the Level B effort for
Focus No.5 are:
Emphasis will be placed on an aggregate plan which identifies both
sources of supply and demand centers served by these sources. This
emphasis is chosen because such a plan is nonexistant and also because
the budget does not allow for development of a more detailed plan.
Because of uncertainties in the problem p~eters, decisions are only
expected for the short-term (i.e, 1975-1985). This consideration is
based on the fact that without additional information on major parameters
such as the effects of drip irrigation on irrigation requirements,
decisions made for the period beyond 1985 may be irrelevant.
Long-term plans for the year 2000, assuming different parameter values,
will be used to identify short-term decisions which are required to in-
sure the future viability of the corresponding long-term plan. Short-
term decisions associated with different long-term plans will be compared;
(continued on page 119)
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PHASE 2 AND DIRECTION MEMORANDA: Comments (cont.)
5. A time constraint on the preparation of Direction Memoranda
may be a useful device for forcing a decision with respect
to how the study team plans to proceed.
--),
Developing long-term plans for the purpose of identifying
short-term decision is a useful device for a Level B study
because of its broad scope. Thus, planning is not directed
towards selecting the best long-term plan; rather, emphasis
is placed on analyzing and comparing long-term plans in order
to select the best short-term decisions. These decisions
constitute the recommended plan.
3. The Direction Memorandum should be viewed as a preliminary
and changing document. It can be extremely useful in setting
the stage for work in the next planning phase.
4. The first version of a Direction Memorandum may be modified
at various points in time based on suggestions either by the
study team or the study manager. The study team may suggest
modifications because of additionaliinformation uncovered
new problems encountered, data collection problems arising,
or inability to complete tasks within budget and time
constraints set by the study manager. Modification suggested
by the study manager may be based on considerations such as
overall budget or manpower available for the Level B study
interactions with other study teams, or importance of pro-
blem resolution with respect to the overall Level B effort.
6.
7. Selecting the appropriate level of detail to be used in plan
formulation is an important consideration. For example, in
the study it will be necessary to aggregate several smaller
deman centers to form a few major demand centers. Similarly,
several supply sources will have to be aggregated. As a
result of the aggregation of deman centers and supply sources
the study is not carried on to the level of detail usually
found in system design studies. Thus, actual sizing and lay-
out of pipes is considered beyond the scope of the Level B
effort.
(continued on page 122)
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Water Supply Systems (cont.)DIRECTION MEMORANDUM: I
I
II i
if all plans for the year 2000 require the same short-term decision th~te
will be no need to make tradeoffs. However, if some short~term decisip~$
are identified which lead to different long-term plans, the advantages~.,.,l•.•, i"
and disadvantages of such decisions will be compared in the Phase 4 tr.I~-
off analysis. In addition, year 2000 plans will be compared in order '"
estimate the relative importance of obtaining better estimates tor theI '
future values of certain parameters. '
I
3. Anticipated Outputs
Level of Aggregation4.
As an intermediate output the study team will first produce an Initial 200~
Year Plan representing local water supply planning efforts, and a set of First Ii
Cut 2000 Year Plans representing the study team's ideas as to where and how in •
Mauils water supply system improvements can be achieved both from an NED and I
an EQ perspective. Further analysis of these plans will most likely lead to a I
set of modified 2000-year alternatives. Based on investigation of the plans I
generated, options for short-te~ plans will emerge which will be used in trade~i
off analysis to detennine a recommended short-term water supply plan for Maui -I ,
a final output of the study. In addition, information needed to decide on a I
I
long-te~ plan (i.e., for the year 2000) will be identified and recommendationsl
for further investigation will be made. This will allow a timely selection of I
a long-term alternative prior to 1985. 1
I
I
I
The level of aggregation proposed for this study is presented below for !
IWest Maui and illustrated on the next page. All domestic demand, including I
demand for resort developments such as at Kanaapali, is indicated by a single I
demand center at Lahaina; demand for irrigation by the Pioneer Millis sugar i
cane fields is also represented by one demand center. Similarly, supply source~
are presented by single centers for high level groundwater, basal groundwater, I
and streamflows. A plan provides the allocation of these aggregate supplies ·1
• !
to the aggregate demands as illustrated below. The same level of aggregat10n !
is proposed for Central and East Maui.
Demand/Supply Information: West Maui
Supply Sources
Lahaina
Demand Centers
Domestic Demand Irrigation Demand
to "Lahaina" to "Pioneer Mill II
I
I
Avail~~
SUPPI~ :1
!
High Level Groundwater 17 21
Basal Groundwater 21 65
Streamflows 60 60
Wastewater 8
Demand 17 81
(continued on page 12~)
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DIRECTION MEMORANDUM: Water Supply Sys·tem (cont.)
\
\
\
,
I
\
t
\
60
60
WEST MAUl
Honokowai
OCEAN
LEGEND
All numbers refer to water in mgd
utilized Supply Center with capacity 60
unutilized Supply Center with capacity 8
Demand Center
Transmission Line
10 Transmitted Water in MGD
Sugar Cane Fields
(continue.d on page 123
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DIRECTION MEMORANDUM (WATER SUPPLY SYSTEM): Conunents (cont.)
8. Seven key elements have been identified for the work related
to this focus. The number and content of the key elements
depends on the subject matter under consideration. It is
important, however, to make as complete a list as possible at
this time since it represents a first "best" estimate of the
starting point and will be used by the study manager as his
basic information for decisions on the scope of the overall
Level B study.
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DIRECTION MEMORANDUM: Water Supply Systems (cont.)
5. Key Elements for Plan Formulation and Evaluation
Key elements of the proposed effort, as currently envisioned by the study
team, are briefly described in the following:
(a) Characterization of demand
(b) Parameters for which plan
sensitivities will be in-
vestigated
(e) Emphasis in NED/EQ plans
(d) Constraints
(e) Data availability
(f) Time schedule
(g) Budget
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Water Demand Centers
Domestic (4 centers)
Sugar Cane (3)
Water Supply Sources
Basal Groundwater (3)
High Level Groundwater (2)
Wastewater (3)
Streamflow (4)
Range of uncertainty in drip irriga-
tio~ effects and requirements.
Growth of sugar cane production and
tourist industry.
Alternative minimum streamflow re-
strictions.
NED on decreased cost of water supply
system and/or increase in sugar pro-
duction and in tourism.
EQ on satisfying streamflow levels on
such streams as Kahakuloa, lao, Honopo
and Kapaula streams and on decreased
use of energy resources through high
level source development instead of
pumping groundwater.
Existing system for water supply. (Th
decision on how to 'supply Kihei is lef
open for investigation even though pI
are in advanced stage of development. )
This will be reviewed in the near futu
as soon as data needs are better defin
Five man months with a substantial par
in the initial phase of the study. De
tailed tasks and schedule will be pro-
vided later.
$20,000 of the water supply budget is
needed for this investigation. $40,00
remains for other water supply efforts

DIRECTION MEMORANDUM: Drip Irrigation
To: Study Manager
From: Water Supply Team
Date: May l5~, 1975
Subject: Drip Irrigation Investigation (Focus No.2)
------~--------~----------------------------------~---~------~------------------
1. Purpose
The purpose of this memorandum is to delineate the anticipated output and
associated effort by the team in addressing the water Supply System Focus No. 5
presented to the public in Phase 1:
"Determine the feasibility and desirability of preparing an investigation
program to be implemented outside the Level B study for assessing the im-
pact of drip irrigation on agricultural land use and sugar production."
This memo describes the scope of the study team efforts, special consideration,
constraints, budget, and time frame. It represents the study team's approach
to the selected focus and will serve as a basis for deciding on the planning
steps ahead.
2. Considerations
The key considerations of the study team in selecting the Level B effort
proposed are:
physical investigations to reduce the uncertainty in parameters relevant
to drip irrigation are not feasible within Level B budget anq time frame.
Organization of investigation is important in order to: (1) obtain improved
estimates of parameters that can provide for a better planning capability,
and (2) insure that these improved estimates are available when decisions
are needed for planning the water supply system.
• There is a need to communicate consequences of uncertainty i drip irri-
gatio~ to land use planners.
3. Anticipated Output
Level B ~utput will include the following:
Information Needs
Time
Schedule Agency Budget
Use In
Decision Process
Groundwater recharge
and recovery rates
with furrow irrigation
Requirements with
drip irrigation
Effects of change in
recharge on quality
of groundwater and ocean
For these three infonnation needs the
Level B Study will recommend a time sched-
ule, agency participation, budget and uses
of information in the decision process.
\
(continued on page 13 p~
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DIRECTION MEMORANDUM: Drip Irrigation (cont.)
(b) Indication of dependence o£ land use and growth on performance of
drip i:rrigation.
Provide land use planners with range of impact on land use and
growth given:
Alternative land use and growth objectives
Present uncertainty in effects of drip irrigation.
Identify information needed on public preferences to assure best
plan.as well ·as timing for this information.
4. Key Elements for Drip Irrigation Investigation
Key elements of developing a program for the investigation of drip irri-
gation, as currently envisioned by the study team, are described in the follow-
ing:
(
(a) Information Needs
(b) Agencies
(c) Time Schedule
(d) Budget
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Identify information needs, prepare
an outline of the research efforts
required, and organize a program of
investigation for each information
need identified.
Interview USGS, SCS, DOWALD and sugar
companies and assess their capabili-
ties to perform necessary researCh
tasks.
One man-month spread over time, where
timing of tasks depends on input from
water supply plan' effort on what in-
formation is required at what point
in time. One-half time spent on in-
terviewing agencies to determine
potential research efforts. Last
half of time will be used to develop
an investigative program and provide
input to land use planner.
$4,000 is considered sufficient for
this focus given the available exper-
tise within the team and the inputs
expected from the efforts on the
water supply plan.
DIRECTI9N MEMORANDUM (MULTIFUNCTION COORDINATION): Comments
1. The study manager provides a strategy whereby it is
possible to incorporate multifunction planning in a Level
B study. This strategy has three key elements.
a. In dealing with an interface such as the use of
wastewater for irrigation on Maui, each study team
involved is required to further specify their views
as to what this interface entails. They should
specify where the interface may occur (e.g., where
on the island wastewater reuse for irrigation is
viable), how the interface can be realized (e.g., what
connections will be necessary), and what recommendation
can be presented to the public (e.g., supply x mgd of
treated effluent to demand center A).
b. The study manager makes a decision to assign multi-
functional aspects of the recommendation (e.g., the
benefits and costs accruing to both functions).
c. The study manager makes a decision on when in the
sequence of Level B plan formulation the interface
issues should be addressed.
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DIRECTION MEMORANDUM: Multifunction Coordination
To: Water Supply, Water Quality and Wastewater Management, and Fish
and Wildlife Study Teams
From: Study Manager
Date: May 22, 1975
Subject: Multifunction Coordination
1. Purpose
The purpose of this memo is to propose a strategy whereby the affected s
teams can effectively deal with the interfaces between water supply and water
quality and wastewater management, and between water supply and fish and wild
life in the Level B study.
2. Background
Information Display No.4, Phase 1, identifies the following interfaces
consideration in the Level B planning efforts:
WS/WQ & WWM: Wastewater is to be included in the short-term water su
recommendations for Maui as a possible source for meeting demand.
In investigating wastewater as a possible source for sugar cane irrig
tion, it is necessary to consider jointly wastewater as a source for
meeting irrigation demands as well as a product to be discharged in
wastewater management.
WS/F&W: I~ developing Level B water supply recommendati.ons, streams
such as Kahahuloa, lao, Honopoll and Kapaula streams will be considere
as possible supply sources.
In investigating these as possible sources it is necessary to conside
jointly the minimum flow requirements for fish and wildlife (i.e., in
vestigate the streams from the perspective that they are demand cente
for fish and wildlife) and their capacity for water supply.
3. Strategy
The objectives of the strategy are to arrive at an efficient divi.sion of
responsibility for Level B plan formulation efforts among the teams, and to e
sure an effective treatment of the -interfaces described above.
a. Initial Plan FOLmulation Efforts
Initial plans should include an indication of how a particular interface
has been addressed by local interests. For example, the use of wastewater fro
Wailuku for irrigation at HC&S has apparently been considered as a viable
option; thus this option should be reflected in both the WS and WQ & WWM team'
initial plan.
(continued on page 1
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DIRECTION MEMORANDUM: Multifunction Coordination (cont.)
b. First Cut Plan Formulation Efforts
While the First Cut Plan is being developed, each team should also attempt
further specify where the interface may occur, how the interface mC!:y be realized
and what recommendation may be made in the Level B study regarding the in~erface
For example, both the WS and the WQ & WWM teams should consider issues such
as possible ways to use wastewater as a supply source, possible demand centers
on Maui for wastewater ,. and the feasibility of connecting a particular supply
source to a demand center. In addition, they should identify problems that,
from their frame of reference, could arise when it becomes necessary to
formulate an alternative to their First Cut Plans which emphasizes wastewater
reuse. These efforts will provide a basis for delegating the responsibility to
develop a recommendation regarding wastewater use to either the WS or the WQ &
WWM team.
c. Allocation of Responsibility for Multifunction Planning
After reviewing each team's First Cut Plan and views on issues associated
with the interface, a decision will be made as to which team will be responsible
for analyzing an interface in detail and for developing the associated recommen-
dation for the Level B study. For example, while no firm decision has been
made, it appears that the F&W team is well equipped to handle the interface be-
tween F&W and WS. If the F&W team is in fact made responsible for this analysis
they will be required to define and recommend minimum streamflow requirements
for Maui based on an examination of advantages and disadvantages of these re-
quirements from both a F&W and WS perspective. In this situation, the F&W team
will need to maintain close contact with the WS team, soliciting their input on
water supply plans, demand centers and supply sources on the Island, costs and
other issues pertaining to the interface. Similarly, if the WQ & WWM team is
made responsible for recommending how and where wastewater is to be reused on
Maui, they will need to understand, weigh, and incorporate the concerns of the
ws team in that reco~nendation.
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PHASE 2
Direction Memoranda
----~,.~Initial Plan
INITIAL PLAN: Provides a composite representation of local
water supply planning efforts and serves as the basis for further plan
fonnulation emphasizing NED and EQ (Section IV # pages 55 through 61).
1. The initial Year-2000 Plan presented for water supply on Maui
provides a means for comparing the plans to be formulated
in the study (see Direction Memorandum on Water Supply
System). It is based on extensive review of various reports
(i.e., water planning reports prepared by the State of Hawaii,
County of Maui, sugar companies, etc.) and on interviews with
local planners. The initial plan is generally not unique in
view of no~al differences of opinion and alternative options
under consideration.
2. Aggregate representation of local plans is not always simple
because of the great detail present in these plans. However,
it is important in Level B planning to capture the most essen-
tial parts of a plan in order to present a composite picture
of the most important decisions and associated tradeoffs to
be addressed in Level B plan fo:rtnulation. Otherwise both
the decision makers including the public and the planner get
lost in the cornplexi..ties of too much detail.
3. The initial plan is presented in terms of the assumptions on
water demands, supplies and the basis for choosing particu-
lar connections between supplies and demands. With respect
to the assumption on d~mand and supply it is noted that in a
workshop with local water supply planners it was emphasized
-that the seasonal shape of demand and supply are essential for
proper planning of water supply o~ Maui. Using monthly aver-
age values would increase the complexity of ·the case stlldy
substantially, without contributing to the objectives of the
case studies. For this reason average annual values are used.
However, in an actual study average summer and winter values
should be used.
._----~-----_..-..
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(contj~u9d on page 138).
-----_.__._._---
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INITIAL PIAN: Demand Assumptions
Present 2000
Lahaina Domestic1) 3 17
Pioneer Mil12) 102 81
Wailuku Domestic1) 4 10
Wailuku Sugar2) 50 45
HC&S2) 305 303
Kula3) 1.6 6
Keh e1) 2 181. e1.
1) Based on demands for the year 2000 in Maui Master Plan Report; Lahaina and
Kihei include demands for resort areas.
2) Irrigation requirements are derived from the following application rates and
acreages for the year 2000. These are based on the assumptions that for the
year 2000 the acreage at Pioneer Mill and Wailuku Sugar are the same as at
present and that acreage at He&S will increase by 3,600 acres. It is noted
that the increase in acreage at HC&S is due to the savings in water afforded
by drip irrigation thereby allowing more acreage to be placed in production
while still causing a slight decrease in water use.
Irrigation Application in Pioneer Wailuku HC&S
Method Gallons/Acre/Day Mill Acres Sugar Acres Acres
Furrow 10,000 4,500 2,500 13,000
Drip 8,000 4,500 2,500 21,600
3f Based on 5 percent growth trend used in report "An Assessment of the Kula
Water Situation" (1973) by Division of Water and Land Development; includes
irrigation requirements for·truck farmers; there is substantial uncertainty
because of absence of land use plan for Kula area.
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INITIAL PLAN (cont.): Supply Assumptions
Water Supply Centers
Lahaina High Level Groundwaterl )
Lahaina Basal Groundwaterl )
Lahaina Streamflows2)
Lahaina wastewater3)
Wailuku High Level Groundwater4)
Wailuku Basal GroundwaterS)
Wailuku stream£lows2)
Wailuku wastewater3)
Central Basal Groundwater6)
Kihei wastewater3)
East Maui Streamflows2)
. • 7)B1g Spr1ng
Present Yield
(in rogd)
46
60
5
73
117
165
Potential Yield
(in mgd)
21
65
60
8
10
29
73
5
108
9
165
10
1)
2)
3)
4)
5)
6)
7)
These increases are from DOWALD reports, and represent new high level
groundwater and new basal groundwater needed to satisfy increased demand.
It does not represent what actually can be supplied because of basic un-
certainties in the amount available. All present groundwater is included
under basal.
No further increase in streamflow withdrawals is desirable.
Wastewater is assumed equal to 50% of domestic use.
Knowledge about available supplies is small and estimate of 10 mgd is there-
fore speculative.
Increase is based on present development of 10 mgd reduced by 1 mgd to re-
flect the effect of 2,500 acres in drip irrigation, and proposed 20 mgd
development in West Maui mountains.; all characterized as basal because of
substantial pumping involved.
Reduction is based on estimated reduction in groundwater supply of 500 gallo
per day for every acre converted to drip irrigation, i.e., for HC&S
18,000 x 500 = 9 mgd.
Based on measured flow at spring.
III
(continued on page 13
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INITIAL PLAN (cont.): Basis for Choices in Year 2000 Plan
The initial plan was developed to reflect the various local plans for wate
supply. A plan ·,·~o use wastewater from Wailuku for sugar cane irrigation is
currently under discussion; it was also included. Considerations in choosing
a :.')articular supply source for a demand center (as presented on page 139 are as
follows:
Lahaina Domestic: in supplying the 17 mgd demand, high level ground-
water is preferred over basal groundwater because its quality is better
and it does not have the higher energy needs associated with basal.
Pioneer Mill: streamflow is chosen first to supply 60 mgd of the total
81 mgd demand, with the additional 21 mgd supplied by basal groundwater.
S--t:reamflow is preferred because of pumping requirements and, in some
cases, salinity of the basal water.
Wailuku Domestic: basal groundwater is used, as is the current practice
to supply the 10 mgd demand. High groundwater is not chosen because
the yield is uncertain and the costs are expected to be high.
Wailuku Sugar: streamflow is chosen to meet the 45 mgd demand. Ground-
water is not used because of the associated pumping needs.
HC&S: several sources are chosen to meet the 303 mgd demand. In or-
der of preference these include: (1) East Maui streamflow is first
. in the order of preference because there is no need for pumping; af-
ter deducting the 6 mgd required to supply Kula this amounts to 159
mgd; (2) the next source used is Wailuku streamflows for the same
reason as above, however based on an agreement with Wailuku sugar,
the amoWlt is limited to 23 mgd; (3) central basal groundwater is
then cho~en to supply 108 mgd because it has the lowest associated
pumping cost; (4) wastewater from Wailuku is used next to supply 5
mgd provided that a decision is reached regarding its use for sugar
cane irrigation; and '(5) the remaining 8 mgd is supplied by Big Spring;;
this source is anticipated as the next in line for development. .
Kula: East Maui streamflows are chosen to supply 6 mgd based on an
assumption that the present agreement between the County and the East
Maui Irrigation District (HC&S) will be expanded.
Kihei: Wailuku basal groundwater is used to supply the 18 mgd demand
based on a local plan.
(continued on page 139)
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4.
INITIAL PLAN: Comments (cont.)
A simple format for presentation of plans was found to be use-
ful in analyzing and displaying alternative plans. Since the
initial plan forms the basis for subsequent plan development,
its format is most important. Therefore it is recommended that
the plan presentation format and initial plan be developed
simultaneously.
5. In some cases the planning efforts can be simplified by separ-
ating it into two or more smaller elements. In Maui, for ex-
ample, it was possible to plan independently for Lahaina and
for Central Maui as indicated in the initial plan format. The
separation was possible because source lccations and distances
make interaction economically infeasible. It is recommended
that this choice of separating the effort be investigated imme-
diately following initial plan development.
6. The schematic presentation of the initial plan is presented in
the foldout on page 211.
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INITIAL PLAN (cont.): Initial Plan for Year 2000
)
.-
Waihb ..el I I
E. Mau1.. I AVAILABLE'
Kula Kihei Streamflows f SUPPLY"\,.
OW...... •__• ~_ ... .. .. _ R_" .. _ .. ..
Demand
Supply
LAHAINA
High Level Groudwater
Basal Groundwater
Streamflows
Lahaina
Domestic
17
Pioneer
Mill
21
60
rW. Maui I
Stream- :Wailuku
Flows Domestic
~:.
"'- ...•
Wailuku
Sugar He&S
~_.~~/
~.•..
21
6S
60
" -"-- :
._-~-_.- ---_.._-
Wastewater
....
~ WAILUKU
.~~-- 8
High Level Groundwater
Basal Groundwater
Streamflows
Wastewater
Central Basal
Groundwater
Kihei Wastewater
East Maui
Big Spring
DEMAND 17
\ /
'. /
I
' ../
//
/' \\
10
10 18 29
45 23 5 73
5 5
108 108
\ i 9'\\
'\
\
-., 159 6 165
8 10
\
'-'" - ......~ .- ...._-_._ .... - _....__ . -
. '-'" ~_.... -- .-.. "'-'" ....... --
81 10 45 303 6 18 5
PHASE 3: Comments
PHASE 3: ANALYSIS AND MODIFICATION OF PLANS AND/OR STRATEGIES
The purpose of Phase 3 as interpreted for the Maui water supply
study is: (1) to develop alternatives to the initial long-term water
supply plan for the year 2000 developed in Phase 2; (2) to select from
these a set of alternatives that covers the range of water supply plans
for Maui, and which subsequently will be compared; (3) to extract from
the selected alternative long-term plans th~ associated short-term de-
cisions to be analyzed in Phase IV for their inclusion in a short-term
recommended water supply plan on Maui.
The key outputs that were generated by the water supply team
during this phase are: (see opposite page)
FIRST CUT NED PLAN: En~hasis on contributions towards
National Economic Development.
FIRST CUT EQ PLAN NO.1: Emphasis on contributions towards
Environmental Quality.
FIRST CUT EQ PLAN NO.2: Emphasis on contributions towards
Environmental Quality.
MODIFICATIONS TO FIRST CUT PLANS:
NED a: Emphasis on reduced irrigation demand for water.
NED b: Emphasis on increased irrigation demand for water.
NED c: Emphasis on the interface between water supply,
and water quality and wastewater management
(responsibility water supply team) .
EQ a: Emphasis on improving the EQ aspects associated
with the First Cut EQ plan.
EQ b: Emphasis on the interface with fish and wildlife
(responsibility fish and wildlife team).
SELECTED NED PLANS: Based on cpmparison of t~e First Cut NED
plan, NED a and NED b.
SELECTED EQ PLAN: Based O~ comparison of the First Cut EQ
plans, and EQ .......
MIXED OBJECTIVE PLAN: Emphasis on capturing the full range of
plan impacts by selecting a plan in bet'Yleen the selected
NED and EQ plans.
COMPARISON OF PLANS: Emphasis is on compar i.ng t:he selected I'
plans using the system of accounts from the P&S.
_._-j
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PHASE 3: outputs for Maui
Initial Plan
from
Phase 2
" '1
I
I
I
I
I
I
I
I F
First Cut
EQ Plan No.2
EQ a
Selected
EQ Plans
First Cut
EQ Plan No. 1
- ],//
""",/ I
( EQ b
I Interface I
I with I
" F&W
_"- _:J
,.....---....&..-----t "
"
"
Mixed
Objective
Plan
Comparison
of Plans With
~ystem of Accounts
J First-CutNED Plan MODIFICATIONS
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/ 1 l rI r - ------I I
I I I I
I I NED c I I
I I Interface NED a NED b I Iwi.th
I
W WW I IL ___
__..J _,
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,
Selected
NED Plans
WQ AND WATER
WWM SUPPLY
141 .
FIRST CUT NED PLAN: Comments
PHASE 3
NED a
II- First Cut NED Selected NED
NED b
First Cut EQ No. I Selected EQ
NED c
First Cut EQ No. 2 Mixed Obj. Plan
EQ a
EQ b
Comparison
of
Plans
FIRST CUT NED PLAN: Emphasis on contributions toward the
National Economic Development objective (Section IV, pages 63 and 64).
1. It is noted that although the first cut NED plan is dir-
ected towards increasing the NED be~efits over and above
the initial plan, it is not a final form NED plan. Its
main purpose is to provide a starting point for developing
a set of NED plans.
2. The first cut NED plan is d~veloped by joint consideration
of the components of the NED objective in the P&S and the
initial plan. It is oriented towards investigating how
the initial plan can be improved for each component within
the specific Maui setting.
3. Presentation of the first cut NED plan starts with an an-
alysis of the initial plan in terms of the opportunities
available for increasing goods and services, and reducing
the costs associated with providing water supply on Maui.
Subsequently the assumptions for modifying the initial
plan are stated. The changes which result from applying
these assumptions are then indicated and related to the
initial plan. Changes include demand at various demand
centers, use of supply sources, and allocation of supply
sources to demand centers.
(continued on pagE 151)
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FIRST CUT NED PLAN: Analysis of Initial Plan
1. Increased Goods and Services
a. Opportunities for Improving NED
Increased Intensity of Water Use
With the assumptions on application rates as stated in the
initial plan, the adequacy of irrigation is around 70 percent
and therefore production can be increased by additional water
application. In Lahaina additional basal groundwater is
available for the cost of pumping since capacity is 45 mgd.
It is estimated that increased irrigation of 10 percent re-
sults in increased sugar production of 5 percent. Compari-
son of the pumping cost with the additional sugar produced
indicates that this assumption is economically feasible.
Resort Development
Demand projections for resort development are based on indi-
vidual projections of private developments. These are judged
to be on the optimistic side and no faster growth is likely.
Kula Development
In the Kula area there is a sizeable amount of arable land
that, with good farming practices, c'ould be put to productive
use. The available acreage is 930 with slight limitations
for crop land; with moderate limdtations it is 12,270 as
derived by the Soil Conservation Service. If it is assumed
that this land will be in productive use, the result is an
increased demand of about 9 mgd, based on results presented
in the report "An Assessment of the Kula Water Situation."
b. Assumptions for Modifying Initial Plan
Irrigation for Pioneer Mill is increased by 10 percent.
Demand for resort development remains unchanged.
Irrigation demands for Kula are increased by 9 mgd.
(continued on page 145)
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FIRST CUT NED PLAN: Analysis of Initial Plan (cont.)
2. Reduction in Cost
a. Cost Assumptions
Note:
To arrive at estimates of water supply development costs, estimates
of distances and elevation differences between demand and supply
centers are made. The results are presented in the table on page 64
The capital costs of source development, of transmission
lines and of treating surface water for domestic use are es-
timated. R~su1ts are presented in the right hand column in
the table on assumed cost on page 149.
The present value of the cost of energy needed to pump water
from supply sources to demand centers is presented in the
table on assumed cost on page 149. The following assmnptions
are used:
Pumping of one mgd by one foot with an efficiency of
.75 requires 4.2 kwh.
Total lift used is equal to elevation difference plus
one foot per 1,000 feet of transmission to account for
friction losses.
Cost per kwh is $0.03.
Present value is based on 30-year life and 7 percent
discount rate.
(continued on page 151)
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FIRST CUT NED PLAN: Analysis of Initial Plan (cont.)
Differences in Distance/Elevation Between
Demand Centers and Supply Sources
(in 1,000 ft. and ft., respectively)
Lahaina Pioneer Wailuku Wailuku
SUPPLY Domestic Mill Domestic Sugar HC&S Kula Kihe
LAHAINA
High Groundwater 15/100 11/100
Basal Groundwater 0/500
Streamf10ws 0/0
Wastewater 5/200
WAILUKU
High Groundwater
Basal Groundwater 0/500 5/500 60/6 )i
0/0 0/0 0/0
I
Streamflows
Wastewater 5/200
Central Basal Groundwater 6/200 0/200 40/3)
Kihei Wastewater 10/300
East Maui Streamflows 0/0 0/200 501
Big Springs 1/800 1/800
-
,
.,
147

~~~~~~~~~~~~~~~~~~~~~~~~~~~~(---J
) ( \ ) l( )
----------~~~~--"-
ASSUMED COSTS
DEMAND I Present Value of Energy Cost Per mgd in $1,000 I Capital Cost
Lahaina Pioneer Wailuku Wailuku
Per mgd in $1,000
SUPPLY I Domestic Mill Domestic Sugar HC&S Kula Kihei
ISource+Pipeline+Treatnent
LAHAINA
High Groundwater 66 63 270
1
Basal Groundwater I 285 240
1
Streamflows I 0 o + 0 + 300
4
Wastewater I 117 150 + 40
2
+ 0
.-.
~
'-0
WAILUKU
High Groundwater I 1,000
Basal Groundwater I 285 288 377 150 + 480
3
+ 0
Streamf10ws I 0 a 0 o + a + 300
4
Wastewater I 117 150 + 40
2
+ 0
Central Basal Groundwater I 117 114 194 o + 320 3 + 0
Kihei Wastewater I 177 150 + 80
2
+ 0
East Maui Streamf10ws I 0 114 28 o + 400
3
+ 3004
Big Spring I 457 457 150 + 8 + 300
4
1. Includes source development and pipeline; for basal only if larger than 45 mgd.
-2. Based Oft 36" pipeline (10 R\<jd) at: $SO/'foot
~ Tn,..111npc1 j f oioeline is necessary to connect Kihei to supply source.
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FIRST CUT NED PLAN: Analysis of Initial Plan (cont.)
b. Opportunities for Cost Reduction
HC&S uses only 23 of the 28 mgd remaining in Wailuku streamflows
for water supply. Since use of streamflows for irrigation requires
no pumping, and in the initial plan Big Spring requires pumping of
800 feet, the overall costs can be reduced by increasing the HC&S
supply from Wailuku streamflows.
The 13,000 acres of HC&S not converted to drip irrigation is in
the lower areas served by basal groundwater. Water savings from
conversion reflected by a reduction in demand at HC&S of 26 mgd
and in the supply of Central Basal groundwater of 6 mgd, do not
benefit HC&S because the water saved would have to be pumped to
irrigate new sugar cane fields at high elevations. However, these
water savings could be used to serve Kihei. Assuming no extra
pumping cost for HC&S, and using the assumed cost data on the
previous page, the following comparison is made (in $1,000).
Kihei: Capital cost
Energy cost
Cost of Drip Irrigation
at $500/acre for 13,000
acres
Initial Plan
$11,340
6,786
$18,126
Modification
$ 5,760
3,492
6,500
$15,752
Thus the modification would result in a cost savings.
c. Assumptions for Modifying the Initial Plan
HC&S uses 28 mgd from Wailuku streamflows.
Drip irrigation is implemented 100 percent.
Kihei is supplied by Central Basal groundwater.
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FIRST CUT NED PLAN: Conunents (cont.)
4. The feasibility of the suggested changes in water use by
HC&S, both in terms of drip irrigation and use of supply
sources, is not investigated in detail at this stage. In
the aggregate, however, feasibility is assumed and the im-
plications of such changes are investigated. Results of
that investigation provide a basis for further analysis.
(continued on page 154)
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FIRST CUT NED PLAN: Changes in Demand, Supply and Allocation
1. Changes in Demand
The demand at Pioneer Mill is increased from 81 mgd to 89 mgd due
to more intensive use of water.
The demand at HC&S is decreased from 303 mgd to 277 mgd due to in-
creased application of drip irrigation.
The Kula demand is increased from 6 mgd to 15 mgd due to increased
agricultural production.
2. Changes in Supply
The use of Central Basal groundwater is reduced from 108 mgd to
102 mgd due to increased application of drip irrigation.
3. Allocation of Supply to Demand
Pioneer Mill:
Kula:
Kihei:
HC&S: ·
The 10 percent increase in demand is sup-
plied by basal groundwater.
The increase in Kula demand is supplied by
East Maui streamflows.
The demand at Kihei is supplied by Central
Basal groundwater.
All remaining supplies from Wailuku and
East Maui streamflows and from Central
Basal groundwater are used first to satisfy
HC&S demand; wastewater from Wailuku is
used next.; finally the demand is met by
supply at Big Spring, used to capacity.
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FIRST CUT EQ PLAN NO.1: Comments
PHASE 3
NED a
First Cut NED Selected NED
NED b Comparison
~ First Cut EQ No. I Selected EQ of
NED c Plans
First Cut EQ No. 2 Mixed Obj. Plan
EQ a
EQ b
FIRST CUT EQ PLAN NO.1: Emphasis on contributions towards the
Environmental Quality objective. (Section IV, pages 17 and 18).
1. Development and presentation of the First Cut EQ Plan
No. I follows the same structure as the First Cut NED
Plan. Thus, the initial plan is analyzed for possible
improvements from an EQ perspective: (1) the environ-
mental problems associated with the initial plan will be
analyzed; (2) modifications to alleviate these problems
are proposed; and (3) the new allocation of supply
sources to demand centers is presented.
(c0ntinued on page 160)
11 ....---------------,-------------·---------------.......1
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FIRS~ CUT EQ PLAN NO.1: Analysis of Initial Plan
1. Environmental Problems Associated With ·the Initial Plan
Environmental Quality Component
Categories (From P&S)
Open and green space, wild
and scenic rivers, lakes,
beaches, shores, mountains,
wilderness areas, estuaries
or other areas of natural
beauty.
Archeological, historical,
biological, geological re-
sources and selected eco-
systems.
Quality of water, land and
air resources.
Irreversible commitment of
resources to future uses.
2. Alleviation of Environmental Problems
Environmental Problems of Initial
Plan
Further extension of sugar
cane in undeveloped areas.
Resort development along
beaches.
Elimination of fish and wild-
life habitat due to diversion
of streams for irrigation.
Destruction of environment
associated with drilling wells,
building channels and laying
transmission pipelines.
Increased pumping requirements
results in increased air pol-
lution.
Permanent change in beach
areas used for resort devel-
opment.
Implement drip irrigation on all sugar cane fields, in order to
minimize needs for further development of supply sources in en-
vironmentally sensitive areas.
Limit sugar cane to the present acreage, in order to maintain open
space.
Reduce diversion from streamflows in order to provide needed mini-
mum streamflows during the summer.
Leave domestic use which is mainly associated with resort develop-
ment the same based on the assumption that resort development will
enhance an otherwise unattractive environment, e.g., at Kihei.
Use existing sources more efficiently; then start new developments.
(continued on page159)
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FIRST-CUT EQ PLAN NO.1: Comments (cont.)
2. The case study is performed on an annual basis for reasons
explained in Comment 3 on page 132. Therefore, to represent
minimum streamflow restrictions in the summer, an equivalent
aver~ge annual measure is used.
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FIRST CUT EQ PLAN NO.1: Analysis of Initial Plan (cont.)
3. Assumptions for Modifying the Initial Plan
Drip irrigation is implemented 100 percent.
Sugar cane acreage remains at present levels.
Domestic demand in initial plan remain unchanged.
The fish and wildlife instream demand for water in the summer
is equivalent to 15 percent of the average annual streamflow.
159

1.
FIRST CUT EQ PLAN NO.1: Changes in Demand, Supply and Allocation
Changes in"Demand
The demand at Pioneer Mill decreases from 81 to 72 mgd and the de-
mand at Wailuku Sugar from 45 to 40 mgd, both due to increased ap-
plication of drip irrigation; the demand at HC&S decreases from 303
to 248 mgd due to increased application of drip irrigation and due
to elimination of a 3,600 acre increase in total sugar cane acreage.
The fish and wildlife demand for instream use in West Maui streams
9 mgd, in Wailuku streams 11 mgd, and in East Maui streams 25 mgd.
2. Changes in Supply
Basal groundwater is reduced from 65 to 63 mgd for Lahaina, from
29 to 28 mgd for Wailuku, and from 108 to 102 mgd for Central Basal
due to increased application of drip irrigation.
3. Allocation of Supply to Demand
Pioneer Mill:
Wailuku Domestic:
Wailuku Sugar:
Kihei:
HC&S:
The supply from streamflows is reduced by
9 mgd to satisfy minimum streamflow require-
ments which is balanced by the demand re-
duction resulting from 100 percent use of
drip irrigation.
The increase in future demand is supplied
by existing Central Basal instead of new
Wailuku basal development.
The demand is reduced but the supply source
remains the same.
The demand is supplied with water from East
Maui streamflows instead of new basal devel-
opment in Wailuku.
All sources remain about the same except
Central Basal which is reduced by 12 mgd
and East Maui streamflows which is reduced
by 4'3 mgd.
i I~ I
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FIRST CUT EQ PIAN NO.2: Comments
PHASE 3
NED a
First Cut NED Selected NED
NED b Comparison
First Cut EQ No. 1 Selected EQ of
NED c Plans
-'First Cut EQ No. 2 Mixed Obj. Plan
EQ a
EQ b
FIRST CUT EQ PLAN ~O. 2: Emphasis on contributions towards
th Environmental Quality objective (Section IV, pages 63 and 64.
1. The type and number of first cut plans developed during
this phase depends on the planning situation rather than
on any generally applicable rules. In Maui it was con-
sidered sufficient to develop one First Cut NED Plan.
However two First Cut EQ plans were developed to assure
proper cons1deration of the Environmental Quality objec-
tive. The need for a second First Cut EQ plan is gener-
ally reinforced because the initial plan is biased toward
primarily economic considerations.
2. The Objective of the First Cut EQ Plan No. 2 i.s to iden-
tify any environrr~ntal concerns or opportunities related
to the provision of water supply on Maui which were over-
looked because of the NED bias associated with the ini-
tial plan. Thus, the or~entation of the plan is to
achieve "maximum" envirot:lmental benefits using the water
supply plan as a means towards improving the environment
while satisfying demands. The plan is developed starting
without the initial plan to allow for the development of EQ
alternatives that cover a wider range of possible impacts.
1
3. De·velopment of th(, Fi:r'st Cut EQ Plan No. 2 in this par-
ticular case is structured as follows: (1) Problems and
opportunities i1... ."l:l'.~~.i..,. related to component categories
of the EQ objec~ive thac bear ~ome relati0nship to the
provision of water supply, are investigated~ (2) The
complete range of development alternatives for water sup-
ply sources are then investigated in terms of expected
environmental consequences. (3) Possible demand changes
are examined based on strictly environmental considera-
tions. (4) Based en (2) and (3) a s~t of assumptions
{continued on page 166:
-----------------_....._------_....
FIRST-CUT EQ PLAN NO.2: Envi.ronmental Problems and Opportuniti..es for Improvement
Environmental Quality
Component Categories
(from P&S)
1. Open and green
space, wild and
scenic rivers,lakes,
beaches, shores,
mountains, wilder-
ness areas, estuar-
ies or other areas
of natural beauty.
2. Archeological,
historical, bio-
logical, geologi-
cal resources and
selected ecosystems.
Existing Environmen-
tal Issues Related
to Provision of
Water Supply on Maui
Frequent draining of
reservoirs for agri-
cultural irrigation.
Intrusion on forest
reserves at high ele-
vations for water re-
source development.
Visual changes in
landscape due to ditches,
etc.
Upper lao Valley, a
significant environmen-
tal area, threatened by
development.
Elimination of c:itical
fresh water F&W .l£abitat
due to d~version of
streams.
Diversion threater~ in-
tegrity of forest eco-
systems by increased
penetration of pristine
areas; introduction of
exotics.
Groundwater infiltra-
tion associated with
irrigation methods.
opportunities for En-
vironmental Enhancement
through Changes in the
Provision of Water Supply
on Maui
Increase in water supply
to the Kula area could
provide a more diversi-
fied environment.
Augmentation of stream-
flows could enhance
fish and wildlife.
I
3.
4.
Quality of Water,
Land and Air
Resources
Irreversible
commitment of re-
sources to future
uses.
Quality of ditch water
unsafe for drinking.
Increase in sugar pro-
duction due to increase
in water for irrigation
may coincide with in-
crease in air pollution
from burning high sulphur
0.1.1.
Provision of water for
resort development is
one cause of permanent
change ..
165.
Integrated water supply
and wastewater systems
could eliminate pollution
problems and intrusion in
the landscape resulting
from extensive separate
transmission systems.
Resort development can
enhance an ~therwise
inhospitable environment.
FIRST CUT EQ PLAN NO.2: Conments (cont.)
is formulated that begins to address the problems and oppor-
tunities identified under (1). (5) Finally, based on these
assumptions, supply sources are allocated to demand centers.
4. A key di~ficulty encountered in the case study was the
identification of EQ problems and opportunities that, in
fact, could be related to water supply planning on Maui.
Since emphasis is to be placed on this relationship in de-
veloping a First Cut EQ plan, discussion with the public
and environmental experts is needed to clearly delineate
such problems. .
(continued on page 170
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ADVANTAGES AND DISADVANTAGES OF WATER SUPPLY DEVELOPMENT ALTERNATIVES
FROM AN ENVIRONMENTAL PERSPECTIVE
~
.
Disadvantages
Physical and ecological disturbances;
depletion of surface waters; intru-
sion on visual quality and open
space.
Advantages
Flood and erosion control; creation of
fisheries and recreation; stream flow
attenuation; low energy requirements.
1. Surface Water
Development
Water Supply
Development Alternative
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Dependent upon pri.vate implementation.
High energy requirements.
High energy requirements; brine dis-
posal problems.
Requires wastewater collection and
treatment facilities; low public
acceptability.
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Full effects not presently predictable;1 ~
methods not always reliable. ~
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Minimal surface distrubances: minimal
ecological effects.
Conservation of water resources; preser-
vation of high-quality waters for domestic
uses; no increased surface and ecological
disturbances.
Conservati:on of water resources; no in~
creased surface and ecological disturhance~.
Net increase in available water resources;
redistribution of atmospheric precipitation
where desired.
Preservation of freshwater sources;
moderate surface and ecological distur-
bances.
3. Desalination
2. Groundwater
5. New Irri.gation
Methods
4. Water Reuse
6. Weather
Modifical1ion
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FIRST CUT EQ PLAN NO.2: Assumptions and Allocation
of Supply to Demand
1. Assumptions for Plan Development
Implement drip irrigation on all major fields in order to minimize
need for further development of supply sources.
Supply an additional 9 mgd to the Kula area in order to enhance
diversity of the environment. The additional demand is based on an
estimated increase in agricultural needs.
The domestic demand assumptions are based on projections made for
resort areas in the initial plan.
The available supply is the same as assumed for the initial plan.
Water is reused for domestic needs by designing integrated systems
to conserve water instead of maintaining separate water supply and
wastewater systems.
From an environmental perspective a preference order for supply al-
ternatives is established based on considerations on the previous
page.
(1) Basal Groundwater. This is preferred over high elevation
groundwater to prevent intrusion into natural areas. Basal
is also preferred over surface water withdrawal because of
ecological effects associated with the latter.
(2) Surface Water Development. Up to 50 percent of runoff is al~
lowed~ This alternative is preferred over high level ground-
water development.
(3) Desalination. Desalination is preferred over high level
groundwater.
Energy requirements for pumping are not consider~d to be a major
problem because waste products from sugar cane are available for
energy generation and there are opportunities for developing solar
energy and wind power within the timeframe of the plan.
2. Allocation of Supply to Demand
Use basal g£oundwa~er to satisfy the part of domestic demand which
is not satisfied by reuse of wastewater.
Use East Maui streamflows to satisfy Kula demand and Big Spring for
HC&S irrigation requirements.
Use all bas~l groundwater, then stre~~flows up to 50 percent and-
finally desalination for s~gar cane irrigation requirements.
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FIRST CUT EQ PLAN NO.2: Comments (cont.)
5. It is noted that the plan displayed differs significantly
from the plans presented so far; as such it satisfi.es the
pu~ose of enlarging the total range of water supply plans
considered. Further plan fo~ulation efforts will be neces-
sary in order to identify short-term water supply decisions
that are directed towards improving the environment.
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FIRST CUT NED AND EQ PLANS: Comments
1. The memorandum shown on the opposite page is prepared
by the water supply team to provide the study manager
with the information needed to decide which team should
be responsible for developing specific recommendations
involving various functions. It is based on a prelimin-
ary review by each team of the specifics of the inter-
face after completing their First Cut plans. Thus in
addition to the input from the water supply team,
simdlar input is provided by the water quality and
wastewater management, and the fish and wildlife teams.
2. Following the study manager's review of the F~rst Cut
plans and the respective recommendations concerning the
interface by the teams involved, it was decided that the
water supply team would assume responsibility for devel-
oping recommendations regarding wastewater reuse; the
water quality and wastewater team would provide the ne-
cessary inputs on cost data and quality differences of
various treatment and disposal alternatives. Thus, the
water supply team was charged with multifunction plan-
ning involving water supply, water quality and waste-
water on Maui. With respect to the interface between
water supply- and fish and wildlife, the study manager
concurred with the recommendation made by the water
supply team. It was decided that the fish and wild-
life team would use the First Cut EQ water supply plans
and develop an alternative (EQ c) plan with special
emphasis on providing a recommendation on the level
and location of minimum streamflow requirements.
3. In the Maui case study proposals of wastewater reuse
for irrigation were initiated because of the cost
savings features although it also has environmental
quality consequences. For this reason wastewater re-
use is further analyzed using the First Cut NED plan as
a starting point. This choice is not crucial; i.e.,
development of the "multifunctional" plan could also
have been started from the EQ plan. The overriding con-
sideration is that the various plans developed in the
study should cover the range of feasible alternatives.
Different planners may a~rive at different plans follow-
ing different routes, but in thev end the plans may be
expected to cover the same range.
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MEMORANDUM
To: Study Manager
From: Water Supply Team
Date: June 23, 1975
Subject: Water Supply Interface With Water Quality and Wastewater Management,
and With Fish and Wildlife
A. Interface With WQ and WWM
The water supply study team has concluded that further investigation of the
interface between WS and WQ and WWM should include analysis of: (1) the
possibility of reusing wastewater for irrigating Wailuku sugar cane fields,
as shown in the initial plan; and (2) the
reuse to Lahaina and Kihei. This analysis should address both an econo-
mic evaluation of wastewater reuse, and an assessment of its affect on
sugar cane quality.
If it is decided that the WS team is responsible for developing the recom-
mendation for reuse of wastewater the following information will be needed
from the WQ and WWM team:
Identification and cost of alternatives for disposal of effluent
(e.g., injection wells).
Determination of effluent quality using alternative treatment facil- '
ities and the cost associated with each.
It is recommended that the water supply team takes the responsibility for
recommendations concerning reuse of wastewater for sugar cane irrigation.
B. Interface With F&W
It has been concluded that further investigation of th~ interface between
WS and F&W should include analysis of: (1) implications for water supply
of demands on instream surface water for use by fish and wildlife; and
(2) location of the most urgent demands and the affects of satisfying
such needs. While the implications of satisfying demands for instream
surface water can be analyzed by the WS team, the second issue is beyond
the expertise available ~n the team. It is therefore recommended that
the F&W team be made responsible for developing the minimum streamflow
requirements recommendation, with the WS team furnishing the following
information:
Effects of various demand levels for instrearn surface waters on
choice and cost of water supply system.
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MODIFICATIONS TO FIRST CUT NED PLAN: Connnents
PHASE 3
~DaFirst Cut NED ~ Selected NED
NED b Comparison
First Cut EQ No. I Selected EQ of
NED c Plans
First Cut EQ No. 2 Mixed Obj. Plan
EQ a
EQ b
NED a AND NED b: Emphasizing uncertainties in the irriga-
tion demand for water (Section IV, page 65 •
1. Alternative NED plans are formulated in order to study
the sensitivity of the First Cut NED plan to uncertainty
in the appliqation rate of drip irrigation. NED a as-
sumes a low application rate, while NED b assumes a
high rate. One or more representative plans are t~ be
selected for public presentation together with their
implication In terms of decisions for a short-term plan
and a program of investigations.
2. Modifications are considered separately for the Lahaina
and Central Maui system because the two systems do not
interact and because analysis is simplified by consid-
ering the two independently.
3. In selecting an alternative to the First Cut NED plan,
emphasis should be placed on covering the range of
realistic NED plans for the year 2000 rather than on
selecting the "best" NED plan. The number of alterna-
tive plans depends on the situation. Thus in Maui the
uncertainty in application rates of drip irrigation
led to two alternative plans. It is reemphasized that
the modified plans are used to determine which short-
term decisions are associated with year 2000 plans and
how such decisions can ensure or limit the future choice
of a year-2000 plan. Thus plans for the year 2000 pro-
vide the framework within which short-term decisions
are made.
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MODIFICATIONS TO FIRST CUT NED PLAN: Lahaina System
1. Basis for Modifying the First Cut Plan
Possible variations in domestic demand are relatively small as
compared to agricultural demand changes. For this reason there is
,
no need to change assumptions for domestic demand.
Agricultural demand may vary substantially because of uncertainty
in irrigation requirements for a given output per acre or in in-
creased requirements for increases in output per acre. For this
reason the following modified assumptions are investigated for
NED a and NED b plans, respectively.
(1) To produce 7.25 tons per harvested acre per year, only 6~200
gallons/acre/day are required with drip irrigation instead
of the 8,000 assumed; with the same 10 percent increase in
irrigation as in the first cut plan this reduces demand from
89 to 80 mgd.
(2) It is econo~cally desirable to increase irrigation 20 per-
cent above the level assumed in the initial plan in order to
produce more sugar; this increases demand from 89 to 97 mgd.
2. Alternative Plans
In both of the above cases, the difference is in the amount of basal
groundwater used. In the case of lower application rates use of basal
groundwater is reduced from 29 to 20 mgd and in the case of higher appli-
cation rates it is increased from 29 to 37 mgd. It is therefore con-
cluded that the water supply system for the Lahaina area does not change
significantly as a result of changes in agricultural demand. Thus NED a
and NED b remain the same as in the First Cut plan.
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MODIFICATIONS TO FIRST CUT NED PLAN: Central Maui System
1. Basis for Modifying the First Cut Plan
Possible variations in domestic demand are relatively small as co~­
pared to agricultural demand changes and are therefore not consid~
ered.
Agricultural demand may vary substantially because of uncertain-
ties in required application rates for drip irrigation. For this
reason the following modified assumptions are investigated for NEQ
a and NED b plans, respectively:
(l) To produce 7~25 tons per harvested acre per year, only 6,20q
gallons/acre/day are required with drip irrigation rather
than the 8,000 assumed; this reduces the demand given in
the first cut plan for Wailuku Sugar from 45 to 41 mgd, and I
at HC&S from 277 to 215 mgd. I
(2) It is economically desirable to increase drip irrigation ap~
plication rates above those assumed in the initial plan (i.~.
8,000 to 9,000 gallons/acre/day) in order to produce more '
sugar; this increases demand at Wailuku Sugar from 45 to 48
mgd, and at HC&S from 277 to 311 mgd. Agricultural demand ~s
reduced for the Kula area to the value shown in the initial!
plan in order to reflect the emphasis on sugar cane product~on.
2. NED a: Reduced Irrigation Requirements
The NED a plan, presented on the top of page 179 uses the following alld-
cation seqlJ.ence:
(I) Wailuku streamflows are used to satisfy Wailuku Sugar and the re- "
mainder goes to HC&S.
(2) East Maui streamflows are used to satisfy Kula and Kihei, while tne
remainder is used for HC&Si Kihei is supplied by East Maui stream..,
flows because this is the cheaper alternative and also because ir~i­
gation rf-,duction made enough water available at high elevation.
(3) Existing capacity of Wailuku basal groundwater is used to satisfy
Wailuku Domestic and remainder is satisfied with Central Basal grqund-
water because capaci~y is available; remainder of HC&S is satisfi~d
with Central Basa+ groundwater.
3. NED b: Increased Irrigation Requirem~nts
Th8 NED b plan, presen,ted at the bottom of page 179 uses ari allocation se-
quence quite sirrular ~o the initial plan. As expected ~he differences be-
tween this plan and the initial plan are minor.
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MODIFICATIONS TO FIRST CUT NED PLAN: Presentation of Alternative Plans
(.
NED a: Reduction in Irrigation Requirements
Demand Maui
Wailuku Wailuku Stream AVa,ilable
Supply Domes·tic Sugar HC&S Kula Kihei Flow. S~pp1y
WAILUKU
High Level Groundwater ao
Basal Groundwater 4 ~9
Streamflows 41 31 ~3
Wastewater 5 5
Central Basal 6 47 lOS
Groundwater
Kihei Wastewater 9
E~st Maui Streamflows 132 15 18 IpS
Big Spring ~O
10 41 215 15 18
'~
NED b: Increase in Irrigation Requirements
~ Demand
Wailuku Wailuku Ava~.lab1eiSUPPl~~ StreamDomestic Sugar HC&S Kula Kihei Flow SlIpply
WAILUKU
High\Level Groundwater 10
Basal Groundwater 10 IS 29
Streamflows 4S 25 73
Wastewater 5 5
Central Basal 108 1~8
Groundwater
Kihei Wastewater 4 9
East Maui Strearnflows 159 6 1~5
Big Spring 10 10
10 48 311 6 18
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SELECTION OF NED PLAN: Comments
PHASE 3
NED a
First Cut NED .. Selected NED
NED b Comparison
First Cut EQ No. I Selected EQ of
NED c Plans
Fir~t Cut EQ No. 2 Mixed Obj. Plan
EQ a
EQ b
SELECTED NED PLAN: Based on comparison of the First Cut NED
Plan, the NED a Plan and the NED b Plan (Section IV, page 66).
1. One NED plan is selected in the case study and the as-
sociated short-term decisions are presented. The short-
term decisions will be further investigated in the, next
phase of the Level B study, where the benefits and costs
associated with each decision will be analyzed and trade-
offs presented for evaluation by the public.
2. In the selection of the NED plan consideration is given
to its technical feasibility and institutional viability
(see acceptability test in P&S). In this case the low-
est application rates for drip irrigation are considered
unrealistic by private sugar planters; their cooperation
will be needed in developing an overall water supply plan
for Maui. For this reason the lowest value is not used
in the selected NED plan.
3. It is noted that selection of the NED plan in the case
study has been performed by the study team. In reality
inI>ut from the public is essential in this selection.
4. Difff:'.rences between the selected NED and tne initial
plan are summarized in the foldout on page2211 0
....._-------------_._..•_.__.._--
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SELECTION OF NED PLAN: Comparison and Selection
I~,
1. Comparison of NED Plans
300
Kihei Served I
by E. Maui I
Streamflows I
I
I
HC&S
Wailuku Sugar
r~
I
I
I NED b
I Kihei Served
I by Wailuku Basal
I
I
I
I
I
t .....
t
I
FIRST CUT NED I
Kihei Served I
by Central I
Basal I
I
J
I
1
f
I
INED a
200
100
mgd
i
6000 7000 8000 9000
Application Rate for Drip in Gallons/Acre/Day
2 • Selection of NED Plan
The First Cut NED Plan is selected as the NED Plan because:
The alternatives to the First Cut Plan provide no basic changes for
the Lahaina system.
The alternative plan for Central Maui with reduced demand (NED a) is
not considered realistic because (1) the application rate for drip irri-
gation is considered overoptimistic by sugar planters and, (2) the
savings would come too late to satisfy Kihei demand.
The alternative plan for Central Maui with increased demand (NED b)
is too close to the initial plan and does not present a new alter-
native.
The first cut plan presents a different alternative fram the initial
plan with savings from drip irrigation at lower elevations used to
serve Kihei.
3. Implications for Short-Term Decisions
Develop high level groundwater for Lahaina Domestic.
Develop additional basal groundwater for Wailuku Domestic.
Continue diversion of streamflows for irrigation purposes.
Serve Kihei with basal groundwater from Central Maui.
Convert low level sugar cane field to drip irrigation.
Increase supply to Kula for truck farming irrigation.
181
MODIFICATIONS TO FIRST CUT EQ PlANS: Connnents
PHASE 3
NED a
First Cut NED
NEDb
First Cut EQ No. 1
NEDc
First Cut EQ No. 2
...--
lIiIIII.....
EQ a
~
EQ b
-
Selected NED
Selected EQ
Mixed Obj. Plan
Comparison
of
Plans
~: Emphasis on improving the environmental aspects asso-
ciated with the First Cut EQ Plans (Section IV, page 65).
1. An alternative to the First Cut EQ plans was developed
because it was felt that First Cut EQ Plan No. I could
be improveQ by using some of the features of First Cut
EQ Plan No. 2
2. After the study manager decided that the fish and wild-
life team would be responsible for preparing a recom-
mendation on location and q~antity of minimum stream-
flow l;equirements, the water supply team did not pursue
the development of EQ b which was specifically directed
towards this interface.
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MODIFICATION OF FIRST CUT EQ PLANS: EQ a
1. Basis for Modifying First Cut Plans
Additional basal groundwater is available to replace the diversion
from streamflows; since use of basal groundwater has less environ-
mental impact than diversion from streamflows, all basal groUndwat~r
is used first in the alternative to the First Cut EQ plans.
Wastewater reuse can also be used to reduce the need for streamflow
diversion, and is by itself preferrable from an environmental view~
point. In EQ a wastewater will be used first to irrigate sugar
cane.
Further reduction in the need for stream£low diversion is achieved
by conversion of all sugar cane to drip i~igation, limiting sugar
cane to presently developed acreage and not increasing agricultura~
demand at Kula above 6 mgd. Based on this conversion and limitati~n,
the demands for domestic and agriculture are as given in First Cut'
EQ Plan No.2.
2. ~
EQ a is presented in the next page and uses the following allocation se-
quences.
(1) Wastewater is used to irrigate sugar cane fields, i.e., wastewater
from Lahaina for Pioneer Mill, from Wailuku for Wailuku Sugar, and
from Kihei for HC&S.
(2) Lahaina Domestic, Wailuku Domestic and Kihei are served by ground-
water, and Kula by East Maui streamflows as in the initial plan.
(3) Existing capacity of 45 mgd basal groundwater in Lahaina is used fo~
Pioneer Mill; the remainder of 19 mgd is served by streamflows, so
that the residual instream use is 41 mgd.
(4) Remainder for Wailuku Sugar is served by Wailuku streamflows, and
all Central Basal groundwater is used for HC&S; the remainder for
HC&S is served by streamflows from Wailuku and East Maui in such a I
way that for each the same percentage of available supply is divert~d.
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MODIFICATIONS TO FIRST-CUT EQ PLANS: EQ a, comments
1. Compare the EQ a plan with the plan on page 211.
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SELECTED EQ PLAN: Commenp;
PHASE 3
NED a
First Cut NED
First Cut EQ No. 1
First Cut EQ No. 2
Selected NED
NEDb
----~,..~SelectedEQ
NEDc
Mixed Obj. Plan
EQ a
EQ b
Comparison
of
Plans
SELECTED EQ PLAN: Based on comparison of the First Cut EQ
Plans and EQ a (Section IV, page 66).
1. As shown on the opposite page comparison of plans at
this stage may be performed in terms of displaying the
differences in physical characteristics of the plan
which provide an insight to the associated impacts.
2. Similar to the selection of the NED plan the input of
the public tIl selecting the EQ plan that will be. car-
ried forward in the assessment of impacts, is essential.
For purpose of the case study the selection has been
made by the study team.
3. The EQ b ~lan developed by the fish and wildlife team
would be used here in selecting the EQ Plan. For the
case study, however, the EQ b plan was not available and
its use is therefore not illustrated.
4. In the foldout on page 211 the differences between the
selected EQ and initial plan are summarized.
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1.
SELECTED EQ PLAN: Comparison and Selection
Comparison of Plans
500
400
300
mgd
200
100
Initial Plan
2. Selection of EQ Plan
/
"/'
/
/'
First Cut EQ No. 1 EQ a
Instream Use
of
Surface Flows
Wastewater
Groundwater
Diversion of
Streamflows
The modified EQ Plan is chosen over either of the two First Cut plans be-
cause: (1) it provides improved consideration of environmental concerns addressed
in the First Cut EQ Plan No.1, such as the instream use of surface water and
wastewater reuse, and (2) it is more realistic than First Cut Plan No. 2 with
respect to the feasibility of actions necessary to implement that Plan.
3. Short-Tenn Decisions
Start development of high level gxoundwater in Lahaina.
Investigate feasibility of wastewater use for sugar cane irri.gation.
Decide on size of diversion for different streams.
Decide limitations on expansion of sugar cane fields.
Decide on full implementation of drip irrigation.
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MODIFICATIONS OF FIRST CUT NED PLAN: NED C I Conunents
PHASE 3
NED a
First Cut NED
NED b
First Cut EQ No. 1
,. NED C
First Cut EQ No. 2
EQ a
EQ b
Selected NED
Selected EQ
Mixed Obj. Plan
Comparison
of
Plans
NED c: Emphasis is on the interface between water supply, and
water quality and wastewater (Section IV, page 65).
1. The purpose of NEp c is to analyze the use of wastewater for
sugar cane irrigation on Maui so that the water supply team
can prepare a recommendation regarding its use to be included
in the recommended Level B plan.
2. The interface between water supply, and water quality and
wastewater management is analyzed by first considering the
Initial Plan for WQ and WWM. Then opportunities for com-
bining W~, and WQ and WWM, (i.e., use of effluent for sugar
cane irrigation) ,are investigated and the plan is for~mulated.
3. In the analysis, the interface input from the WQ and WWM
team was essential for assessing the economic desirability
of pursuing wastewater reuse.
4. The differences between NED c and the Initial Plan are
summarized in the foldout on page 211.
......---------------'-_.__..---- ,-------_... ----,._._._'
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MODIFICATIONS OF FIRST CUT NED PLAN:
NED c, Analysis of Wastewater Reuse
1. Initial Wastewater Plan
Location
Lahaina
Wailuku
Kihei
2. Interrelationship
Wastewater: Disposal of effluent
not resolved
Initial Plan
Eliminate ocean outfalls.
Install wastewater treatment plant.
Method for effluent disposal not
available.
Eliminate ocean outfalls.
Install wastewater treatment plant.
Use injection wells for disposal of
effluent.
Install wastewater treatment plant.
Method for effluent disposal not
available.
Water Supply: Demand for
irrigation water for sugar
~e fields
Use effluent to irrigate sugar cane fields
3. Cost Implications
a. Analysis
The economic feasibility of using effluent for irrigation is analyzed by
comparing the following two options.
Sugar Came
Field
option I
Treatment Injection
Plant Well
0 .. 01 mgd
Most Expensive Sugar Cane
Water Supply Source Field
0 .. 01 mgd
Option 2
Treatment
Plant0----.........-. . -0
1 mgd
(continued on page 191)
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MODIFICATION OF FIRST CUT NED PLAN:
NED c, Analysis of Wastewater Reuse (cont.)
Option I represents the case in which I mgd of wastewater is not reused
but has to be discharged in an injection well. In addition, I mgd of water
from the most expensive source (i.e., that source for which exchange with waste-
water is most desirable) is transported to the sugar cane fields. Option 2 re-
presents the case in which wastewater is reused by transporting 1 mgd of waste-
water to the sugar cane field, while water supply source remains available for
other uses.
Results of this comparison are presented in the following table where it
is assumed that (1) reuse by Pioneer Mill results in less basal groundwater used
in Lahaina; (2) reuse of Wailuku wastewater by HC&S results in less basal ground-
water used in Wailuku; and (3) reuse of Kihei wastewater by HC&S results in less
water pumped from Big Spring in the ditch system. Estimates for the capital and
energy cost of injection wells were obtained from the wastewater team and of
water supply system from table on page 149.
Cost Difference With and Without Wastewater Reuse
Lahaina Wailuku Kihei
Without Reuse
Cost of Groundwater
Capital
Energy
Wastewater Disposal
Capital
Energy
Total
150 158
285 288 457
300 300 300
100 100 100
685 838 915
With Reuse
Capital
Energy
Total
b. Conclusion
190
117
307
190
117
307
230
177
407
Fzom the above analysis it is clear that wastewater reuse for irrigation is
desirable from an economic efficiency perspective.
4. - NED c
NED c, accounting for the i~terface with wastewater, is presented on page 110.
The plan uses effluent from the wastewater treatment plant in Lahaina for Pioneer
Mill's irrigation needs, and in Wailuku and Kihei for HC&S. As a result of this
use, pumping of basal groundwater at Lahaina and Central Maui is reduced.
5. Short-Term Decisions
Decisions associated with NED c are the same as for the NED Plan, and, in
addition:
Investigate the feasibility of wastewater reuse in tenn~ of its quali.ty
aspects for sugar cane irrigation.
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MODIFICATIONS OF FIRST-CUT NED PLAN: NED c, Comments
1. Compare the NED c plan with the plan on page 211.
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MIXED OBJECTIVE PLAN: Comments
PHASE 3
NED a
First Cut NED
First CUt EQ No. 1
First Cut EQ No. 2
Selected NED
NEDb
Selected EQ
NEDc
----~..- Mixed Obj. Plan
EQ a
EQ b
Comparison
of
Plans
MIXED OBJECTIVE PLAN: Emphasis on capturing the full range of
plan impacts by selecting a plan in between the selected NED and the EQ
plans (Section IV, pages 66 and 67).
1. Some of the characteristics of each of these two extreme
plans will be deleted in order to arrive at one or more
plans that gives weight to both NED and EQ and as such
presents one possible compromise between the two. The
purpose is not to arrive at the recommended plan at this
stage. This perspective is important because it makes
the exact compromise between NED and EQ less crucial;
also the mixed objective plan is not considered the
culimination point of all plan formulation efforts.
Instead it simply represents another plan designed to
more fully represent the range of possible impacts as-
sociated with long-term water supply plans on Maui.
2. The differences between the ~xed objective plan and
the initial plan are summarized in the foldout on page
211.
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MIXED OBJECTIVE PLAN: Considerations
Basis for Mixed Objective Plan
Wastewater reuse in EQ plan is a desirable feature and is retained
in mixed objective plan.
Instream flow requirements for Lahaina differ substantially between
the two plans; to develop alternative options in between these two
it is assumed for the mixed objective plan that half of the remain-
ing requirements for Pioneer Mill are supplied by b~sal groundwater
and the other half by streamflow diversions. This results in in-
stream use of 28 mgd.
In the mixed objective plan no sugar cane field expansion is assumed
in order to allow for instream use of water in East Maui streams.
New available acreage is generally at higher elevations and the onl~
economically feasible supply source would be high level streamflows~
As a result with sugar cane field expansion no water would be avail~
able for instream use.
Pioneer Mill and Wailuku Sugar are assumed completely converted to
drip irrigation. For HC&S however the 13,000 acres in furrow accorq-
ing to the initial plan are not converted to drip. This eliminates
additional pumping needs otherwise required to use the savings from
the conversion to drip.
Kihei is served by basal groundwater at Wailuku, since Central
Maui's basal groundwater is needed by HC&S without conversion of
l3,OPO acres to drip.
Kula demand is assumed at 15 mgd and is served as in the NED plan by
East Maui streamflows.
Big Spring is used to supplement water in the ditch at higher eleva~
tions for irrigation by HC&S.
The remaining requirements are satisfied by Wailuku and East Maui
streamflows in such a way that for each the same'percentage of avail-
able supply is diverted.
Short-Term Decisions
Start development of high level groundwater in Lahaina.
Investigate feasibility of wastewater use for sugar cane irrigation.
Decide on size of diversions for different streams.
Decide on pipeline from Wailuku basal groundwater to Kihei.
Decide on development of Big Sprin9.
195

tU
~
::s:
H
X
tIj
o
o
to
~
o
t-3
H
ti3
t:J
CD
<:f-J.
SlJ
rT
f-J.
o
::1
en
Hl
11
o
=
H
::s
f-J.
rT
f-J.
SlJ
to-'
"'d
to-'
§
LEGEND
~
EQ Sugar Cane Fields
o High Level
o Basal
o Streamflow
X Wastewater
--- Deleted from Initial
---- Same as Initial
= Added to Initial
84 mgd Transported
(15) mgd Demanded
122+10
15
HC&S(274)
Kula(15)
'\ ( \ )
{
Wailuku
I HC&S I Kula I
E. MauiIStream-Dom.l Sugar Kihei f10\"1
Wailuku
1-
High Level Grndwtr.
Basal Grndwtr.
Streamflow I I -5 I -3 I I I +13
Wastewater
Central Basal Grndwtr.
Kihei wastewa~ I I
+9
E~st Ma':li Streamf-low -3", I +9 I I +28
B1g Spr1~_____ _______ +2
+28
w. Maui
Str. Flow
+11
-28
+8
Pion.
Mill
Lah.
Dam.
ISLAND OF MAUl
High Level G.
Basal G.
Streamflow
Wastewater
Lahaina
~\
'"'-I
COMPARISON OF PLANS: Comments
PHASE 3
NED a
First Cut NED Selected NED
NED b Comparison
First Cut EQ No. I Selected EQ ~ of
NED c Plans
First Cut EQ No. 2 Mixed Obj. Plan
EQ a
EQ b
COMPARISON OF PLANS: Emphasis is on comparing the selected plans
using the system of accounts from the P&S (Section IV, pages 67 through 69).
1. Five plans are compared: (1) Initial Plan; (2) NED Plan; (3)
EQ Plan; (4) NED c and (5) Mixed Objective Plan. First, the
impacts associated with the plans are identified in general
terms, and then the list of effects in the P&S is checked in
order to identify the effects to be measured. Finally, the
identified impacts are translated into effects and displayed
in the system of four accounts: NED, EQ, RD and SWB.
2. In line with the water supply plan formulation orientation
(i.e., development of year-2000 plans to be used in surfacing
the most critical short-term decisions associated with var-
ious plans), the effects displayed are primarily intended to
serve as a guide for short-term decision making (i.e., when
to begin development of high level groundwater, which stream-
flows to divert, etc.). Thus the display provides an indi-
cation of what may be expected if the decisions recommended
in Phase 4 are biased towards a particular plan. This thrust
is in contrast to displaying effects for the purpose of select-
ing "the" water supply plan for the year 2000.
3. Impacts displayed on the opposite page were identified for
the purpose of the case study. It is noted that in an actual
planning situation input from the public is essential in se-
lecting the impacts to be presented since these impacts pro-
vide the means for linking concerns of local people with the
plans developed in the study. The display of effects in the
system of accounts, presented on page 203, and based on the
impacts identified, has a slightly different connotation. Its
purpose is to display consequences of plans from a national
perspective. For example, the NED account identifies the value
to the nation of different resource allocations while the RD
account is used to identify possible shifts among regions (i.e.,
Maui as well as other regions in the nation) as a result of
different resource allocations provided in the plans.
(continlled on page 200)
198
Hixed
Objective
EQ
Plan
NED
Plan
COMPARISON OF PLANS: Impact Identification
NED c
Interface With
Wastewater
Initial
Plan
Plans
Impacts
(1) Domestic Demand
(rngd)
45.0 45.0 45.0 45.0 45.0
(2) Truck Farming
(acres, Kula)
4,400 15,400 4,400 15,400 15,400
(3) Sugar (total
acres)
- drip irrigation
- furrow irriga-
tion
48,600
28,600
20,000
48,600
41,600
7,000
45,000
45,000
o
48,600
41,600
7,000
45,000
32,000
13,000
(4) Sugar Production
(tons/year)
327,350 343,600 326,250 343,600 310,000
(5) Total Streamflow
used (mgd)
- low flow
293
5(2%)
298
o
191
107(36%)
298
o
229
69(23%)
(6) Groundwater Used
(mgd)
(7) Wastewater Used
(mgd)
(8; Total Cost of
Water Supply,Drip
Irrigation and
Effluent Disposal
(million $)
182
5
74.7
168
5
74.2
198
22
83.7
151
22
65.6
195
22
81.2
(9) Capital Costs
(million $)
19.6 14.4 22.0 16.5 23.6
O&M cost is assumed the same for all plans
(10) Energy Costs
(Present Value -
million $)
(11) Drip Irrigation
Costs (mi11ion $)
(12) Cost of Waste-
water Disposal
(million $)
(13) O&M Costs
34.0
14.3
6.8
32.2
20.8
6.8
39.2
22.5
o
28.3
20.8
o
41.6
16.0
o
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COMPARISON OF PLANS: Comments (cont.)
4. The purpose of the P&S checklist is to identify what effects
can be measured based on the effects presented on page
Effects cannot be mesured in all P&S categories because the
Level B plans may not allow for identification or measurement
of effects in these categories. Similarly, not all effects
listed on page 203 are reflected in the effects listed in the
P&s.
(continued on page 202)
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COMPARISON OF PLAN~: P&S List of Effects
I
._~
Plans
~(biolog Lcell &
ecosystems)
,y
(green space &
beaches)
(water, air)
EQ Account
P&S
Open, green
space, wild,
scenic rivers,
lakes, beaches,
shores, mountain
wilderness area,
estuaries,other
areas of beauty
Quality of water
land and air
Archeological,
historical, bio-
logical, geolog-
ical resources
and selected eco-
systems
I
I
I
I
I
iB.
I1---
! Beneficial
i
'A.i
I
I
f
!
j
i
I,
I
I
I
I
!Ie.
I resources
ID. Irre~ersible
l commlttments ofresources tofuture
_._-----------_._._----
Plans
i'~ED Account
P&S ,-
" I
-------_.-+-_._------
Beneficial !
i
I
A. Value of increas-I
ed output of I
goods and ser- I
vices I
t i!B. Value of output I
! resulting from I
~ external econom- II ics I
I
, Adverse i
A. Value of 11
! resources requir-
, ed for a plan !
I,
,
I
,
!B. Losses in output
I from external
I diseconomies I
L l.__
RD Account
Plans
SWB Account
~3, .
i---;O~~
~---_.__ ._-_._----------
1. Effect on real
incoIT.e II
:2. Effect on secur- I
ity of life, i
health, and I
safety I
I
Effects on edu- I
cational, cul- i
I
i tural, recrea- t
tional opportun- II itiesi
i
14. Effects on emer- II Igency prepared- II ness I
15. Other i
I JIL ,-- ----.-.------
!
I
I
13. Population dis-
I tribution
[~~=~_...p~~=~=]--~~~_~~a--.n_s_---t
11. Regional income i
I12. Regional employ-
ment
4. Regional/eco- :
nomic base and I
istability I
is. Environmental I
considerations ofl
special concern I
to region I
I
I
,
I
I
i
L. .l 0' • .__•
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COMPARISON OF PLANS: Comments (cont.)
5. Initially the value of increased output of goods from truck
farming was included under the NED account. However, analy-
sis in the RD account showed that this increase is balanced
by a decrease in output of truck farm products in California.
As a result the increase in truck farming production in Maui
is to be d~leted from the NED account.
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COMPARISON OF PLANS:
NED Account
Beneficial
A. Value of increased
output of goods and
services
(1) Sugar Production
per year
(million $)
Initial
Plan
58.9
NED
Plan
61.8
EQ
Plan
58.7
NED c
Interface With
l'lastewater
61.8
Mixed
Objective
Plan
55.8
Adverse
A. Value of Resources
Used
(3) Total Water 74.7 74.2 83.7 65.6 81.2Supply System
Costs (millions)
(4) Capital Costs 19.6 14.4 22.0 16.5 23.6(million $)
(5) Energy Costs 34.0 32.2 39.2 28.3 41.6(Present value
million $)
(6) Drip Irrigation 14.3 20.8 22.5 20.8 16.0Costs (million $)
(7). Cost of 6.8 6.8 0 0 0Wastewater
Disposal
(8) O&M (mi') lion $) same same same same same
ASSUMPTIONS
(1) Based on price of sugar (1973) @ $180/ton.
(2) Based on national average productivity and value for the 17 principal truck farm prod-
ucts on Kula in their respective proportions (@ $500/acre).
(3) Total of capital costs + energy costs + drip irrigation costs + wastewater.
(4) Includes source development, pipeline and treatment.
(5) Based on $.03/kwh present value.
(6) Based on $500/acre.
(7) Based on input provided the WQ and WWM team.
(8) O&M cost is assumed the same for different water supply system and irrigation methods.
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COMPARISON OF PLANS:
EQ AccountPlans
Effects
Initial
Plan
NED
Plan
EQ
Plan
NED c Mixed
Interface with Objectiv
Wastewater Plan
(1) Green Space
(% of cultivated
green acres)
76% 76% 70% 76% 70%
(2) Biological Habitat of Habitat of
fish popu1a- fish popula-
tion in Maui tion in Maui
streams streams
(gobies ,prawns, (gobies ,prawns ,.
shrimp,limpets) shrimp, limpets)
is eliminated is eliminated
by streamflow by streamflow
use use
Maintains
fish habitat
Habitat of
fish popula-
tion in Maui
streams
(gobies ,prawns
shrimp, limp-
ets) is elim-
inated by
streamflow USl
Maintainr
fish
habitat
(3) Ecological
(4) Water Quality
Exotic e::o-
systems are
introduced
with dry
streams
Perennial
streams
(Kahakuloui,
Iho, Honopou,
Kapaula) dry
during part of
the year
No groundwater
recharge on
59% of sugar
acreage
Exotic eco-
systems are
introduced
with dry
streams
Perennial
streams dry
(same)
No ground-
water on 86%
of sugar
acreage
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No groundwater
recharge on
100% of sugar
acreage (de-
creases WQ)
potential sal-
inity increase
Exotic eco-
systems are
introduced
with dry
streams
Perennial
streams dry
(same)
No ground-
water re-
charge on
86% of sugar
acreage
No. groUl.
water rf
charge c
71% acrf

COMPARISON OF PLANS:
RD Account
(1) Regional Income
Increase in sugar
production
Initial
Plan
21%
NED
Pl~
27\
EQ
Plan
21%
NED c
Interface with
Wastewater
27%
Mixed
Objective
Plan
15%
No redistribution effects in other principal regions*)
Increase in truck
farm acreage.
238% 1,084% 238% 1,084% 1,084%
(2) Economic Base/
Stability
**)Redistribution of truck farm production in California.
I
Wi th the above increases in truck farming, more diversi ty
occurs in the economy, as additional income/employment oppor-
tunities other than sugar and tourism are made available.
*)Hawaii produces 40 percent of sugar cane in the United States. The other prin~
cipal region (60 percent) is the Florida and Louisiana area. Since the United
States is a net importer of sugar cane, the percent increase in sugar produc-
tion on Maui should not result in any adverse effect on production in Florida
and Louisiana. Therefore an addition to regional income occurs on Maui with-
out reduction elsewhere in the nation.
**) Since Hawaii imports vegetables and other truck farm products) principally
from California, a redistribution effect takes place. with increased produc-
tion on Maui, less vegetables will need to be imported from California, where
pr~uction will decrease.
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Plans
COMPARISON OF PLANS:
SWB Account
Effects
Initial
Plan
Ned
Plan
EQ
Plan
NED c Mixed
Interface With Objective
Wastewater. Plan
(1) Effects on Real Increases in truck farming productivity result in an opportunity for
Income increased income/standard of living for existing truck farmers. It
also provides additional employment/income opportun!ties other than
sugar and tourism.
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PHASE 3: ~lans. for the Year 2000
Changes from Initial Pla!l (in mgd)
NED c
Initial Interface Mixed
Plan NED EQ with Objective
Supply/Demand Connections (in mgd) Plan Plan Wastewater Plan
Lahaina
High Level - Lah .. Dam .. 17
Basal - Pion. Mill 21 +8 +24 +11
StreamS- Pion. Mill 60 -41 -28
Instream Use (F&W) -- +41 +28
Wastewater - Pion. Mill -- +8 +8 +8
Wailuku
Basal - Wail .. Dam. 10
Basal - Wail. Sugar --
Basal - Kihei 18 -18 -18
Streams
- Wail. Sugar 45 -10 -5
Streams - HC&S 23 +5 -5 +5 -3
Instream Use (F&W) 5 -5 +15 -5 +13
Wastewater - HC&S 5
Central Basal - HC&S 108 -24 -24
Central Basal - Kihei -- +18 +18
Wastewater Kihei - HC&S -- +9 +9 +9
East Maui
Streams - HC&S 159 -9 -46 -9 -37
streams - Kula 6 +9 +9 +9
Streams - Kihei --
Instream Use (F&W) -- +46 +28
Big Spring - HC&S 8 t2 --8 I -7 I
~ 2
Total Water Demand 485 -14 ~3 J -14
~L::
J")
Lahaina
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PHASE 4 AND SUMMARY OF SHORT TERM DECISIONS: Comments
PHASE 4: ANALYSIS OF TRADEOFFS AND SELECTION OF A RECOMMENDED PLAN
The purpose of Phase 4 as interpreted for the Maui case study is to
(1) summarize and screen the short term decisions surfaced in Phase 3; (2)
analyze and present implications of short term decisions to the public for
their response; (3) summarize the public response to the issues presented; (4)
develop a comprehensive set of study recommendations; (5) develop recommenda-
tions in terms of required action, agency involvement, and costs; (6) pre-
sent a summary of Level B study. Key outputs in this phase are:
------~~•.• Summary of Short Term Decisions
Initial Presentation of Short Term Decisions
Public Response on Initial Presentation
Study Team Recommendations
Program Synthesis
Summary Level B Study
SUMMARY OF SHORT TERM DECISIONS: provides starting point for Phase 4
by summarizing and screening the short term decisions that were identified
for the plans selected in Phase 3.
In order to organize ~he work i.n :Phasf; 4, thE; fir;~t task
I
I
perf.. ?rrne"J
2' , )~5~_n_t_j.~ue d_o_n p"-a_g__~_~'7.
In the context of Level B water supply planning on Maui, Phase
4 is oriented towards resolving the shor·t te~'lll a.ecisions -
identified in Phase 3 and necessary to implement each of the
selected plans. The short term recommended water supply plan
for Maui subsequently is composed of the sum of the ~ndividual
recommendations for each of these decisions. As a result the
orientation of the planning effort in Phase 4 is distinctly
different from Phase 3. Where in Phase 3 it is primarily the
task of the planner to cover the spectrum of possible plans and
to identify key decisions, in Phase 4 the emphasis shifts to re-
solving key decisions associated with water supply planning.The
important implications are: (1) the recommended plan is not
necessarily one of the plans develo!.J{~d i.n Phase 3 (limiting the
choice to those pl ;:):"\S onJ.y rr.ay precl ude some al ternatives more
responsive to public need~) and (2) emphasis shifts to relating
information on "key decisions to the public. As a result format
and content may differ from that used in Phas~ 3, i.e., a de-
cision's Implication is presented in terms unuerst.arldable to the
public and not necessarily in the format of t_he NED and EQ
account in the P&S.
2.
1.
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SUMMARY OF SHORT TERM DECISIONS ASSOCIATED WITH THE
PLANS SELECTED IN PHASE 3
Perceptions of Study Team
3.
4.
5.
Short Term Decisions
1. Develop high level groundwater
for Lahaina domestic.
2. Investigate feasibility of
wastewater reuse for sugar cane
irrigation.
Investigate effects of drip
irrigation on change in ground-
water infiltration and recovery
as well as irrigation needs and
sugar production.
Use of wastewater for sugar cane
irrigation.
f · · f 1)Extent 0 d1vers1on 0 stream-
flows for irrigation purposes
and their identification.
6. Increase in demand for Kula for
truck farming.
7. Source of supply for Kihei
resort development from basal
groundwater in Central Maui or
Wailuku, or East Maui streamflows.
8. Extent of converting sugar cane
irrigation from furrow to drip
irrigation.
9. Expansion of sugar cane fields
over present acreage.
10. Development of additional basal
groundwater for Wailuku domestic.
11. Development of Big Spring to
augment flow in irrigation
ditch.
12. Fo11ow-on work needed for
focuses 1,3,4 and 6 not selected
for Level B study.
Non
Controversial
x
x
x
Highly
Controversial
x
x
x
Depending
On Resolutior
of Highly
Controversial
Decisions
x
x
x
x
x
x
1) This decision results from work performed in establishing m1n1mum streamflow
requirements on Maui, an interface for which responsibility was assigned to
the fish and wildlife te~.
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PHASE 4 AND SUMMARY OF SHORT TERM DECISIONS: Comments (cont.)
by the study team is to summarize and screen the total set of
decisions. Screening is oriented towards identification of the
type of analysis that the team will have to perform in order
to arrive at resolutions. As indicated in the table on page 213,
the study team perceives that some decisions are essentially
noncontroversial since they were included in each of the plans.
The only thing to be done is to formulate a recommendation.
Other decisions were perceived as highly controversial and the
study team has to analyze and present to various publics the
implications of alternative choices in order to make an informed
decision based on public response. Finally, a set of decisions
is identified for which resolution has to wait until it is known
how the highly controversial decisions are resolved.
214
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INITIAL PRESENTATION OF SHORT TERM DECISIONS: Comments
PHASE 4
Summary of Short Term Decisions
------~....~Initial Presentation of Short Term Decisions
Public Response on Initial Presentation
Study Team Recommendations
Program Synthesis
Summary Level B Study
INITIAL PRESENTATION OF SHORT TERM DECISIONS: Provides the first re-
sponse from the study team to the public on how to resolve the short term
decisions.
1. The information for this output, displayed on the next pages
represents the content of what the study team anticipates to
present to the public. The format in which this information is
presented to the public can take many different forms. As such
the displayed output is an internal document to prepare the team
for an effective public meeting.
2. The presentation is organized following the types of short term
decisions presented in the summary.Thus,the study team formulates
first recommendations on the noncontroversial decisions;i.e.,de-
cisions No. 1,2 and 3 of page 2213. In addition the study team
presents the recommendations on those highly controversial inter-
face decisions that were assigned to other teams. In this case
the recommendation on minimum streamflow requirements, prepared
by the fish and wildlife team, is presented and used to resolve
the decision on the extent of streamflow diversions; i.e., de-
cision No. 5 on page 213. Second, the study team presents its
analysis of the implications associated with tne remaining
highly controversial decisions without recommending resolution;
i.e., decisions No.6 and 7 on vage213. The initial presentation
does not cover decisions No.4, 8, 9, 10, 11 and 12 since their
resolution is dependent on how the highly controversial ones are
resolved.
3. The public meeting in which the initial presentation is made is
characterized by specific exchanges between study teams and
public. The study team needs to thoroughly prepare this meeting
in order to obtain the necess~ry feedback that will allow for
making informed decisions. As a result the timing of this meet-
ing is not immediately after the start of Phase 4, but after the
study team has analyzed each of the decisions listed in the
(continued on page 218)
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INITIAL PRESENTATION OF SHORT TERM DECISIONS
I. Recommendations on Noncontroversial Short Term Decisions Prepared by Water
Supply Team
For the short term decisions without apparent conflict the study team will
present the following recommendations to the public.
Decision No.1. High Level Groundwater for Lahaina. Start development
of high level groundwater sources in West Maui for
serving domestic use in Lahaina area.
Decision No.2. Investigation of Wastewater Reuse. Investigate the
feasibility of wastewater reuse for sugar cane irriga-
tion starting in 1980 taking into account sugar cane
quality, environmental quality, and implementation
problems.
Decision No.3. Investigation of Drip Irrigation. Develop improved
estimates by 1980 of the effects of drip irrigation
on change in groundwater infiltration and recovery as
well as irrigation needs and associated sugar cane
production per acre.
(continued on page 219)
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INITIAL PRESENTATION OF SHORT TERM DECISIONS: Comments (cont.)
summary. This meeting can, either be held for each functional
area separately or for all functional areas together. The basic
criterion for the study manager in selecting a format for the
meeting as well as in selecting the publics to be addressed is
the ability to use this public exchange as an effective mechan-
ism for a~rivin9 at sound recommendations.
4. Interaction of teams, such as between the water supply and fish
and wildlife team, on an interface selected for further study
is necessary during the entire study. Thus, even though the
fish and wildlife team has responsibility for the decision on
minimum streamflow requirements, the water supply team is expec-
·ted to understand and have reached agreement with the fish and
wildlife team on the recommendations. As such it should be able
to present the water supply aspects of the recommendations to
the public although it may refer to the fish and wildlife team
for details on the fish and wildlife aspects.
5. The recommendation on minimum streamflow requirements is based
on a set of artificial assumptions with respect to fish and
wildlife since the fish and wildlife aspects of such a require-
ment were not addressed in the case study.
(continued on page 220 •
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INITIAL PRESENTATION OF SHORT TERM DECISIONS (cont.)
II. Recommendations on Highly Controversial Interface Decisions Prepared by
Other Teams
Minimum Streamflow Requirements as Recommended by the Fish and Wildlife
Team (related to Decision No.5
Recommendations: The recommendations of the fish and wildlife team on
the minimum streamflow requirements for the various streams on Maui are
specific with respect to individual streams and their needs. These
recommendations were translated by the fish and wildlife team into
aggregate requirements as needed by the water supply team. The result
was:
Aggregate Minimum Streamflow
Recommended (in mgd)
East Maui
Lahaina
Wailuku
28
20
16
/
I
Summary of Basic Reasons for Recommendations and Implications for Stream-
Flow Diversions
East Maui: The fish and wildlife team determined that based solely on
fish and wildlife consideration minimum streamflow require-
ments aggregated for East Maui would be equivalent to an
annual average of 50 mgd. One of the key implications of
satisfying such requirements is that sugar cane fields at
higher elevations most likely would have to be reduced
because the use of alternative water supply sources instead
of the streamflows would require large pumping cost. After
the fish and wildlife team presented this information to the
public and based on their response, the team made the de-
cision that the public cost of reducing sugar cane acreage
is larger than that of reducing the aggregate minimum stream-
flow below 50 mgd. On the other hand the public benefit of
further expanding sugar cane acreage, which would take place
at higher elevations and could only be served by strearnflows,
was judged less than the cost of the required further re-
duction in minimum streamflows. Based on the above reason-
ing the fish and wildlife team recommended that in arriving
at minimum streamflow requirements the water supply demand
of the existing sugar cane fields at higher elevations,
while using drip irrigation, would be considered as a con-
straint. In addition, satisfying the projected 2000 year
demand in Kula was considered a constraint. The existing
(contiriued on page 221)
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INITIAL PRESENTATION OF SHORT TERM DECISIONS: Conunents (cont. )
6.. It is noted that in the process of developing a recommendation
for minimum strearnflow,resolution of other short term de-
cisions may be required first.
(c0ntin~d on page 222) 1
__ ~,_••~_"""It,.. .........-. ",.__
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INITIAL PRESENTATION OF SHORT TERM DECISIONS (cont.)
demand for sugar cane irrigation, which presently depletes
the East Maui streamflows is 165 mgd and can be reduced
by drip irrigation to 132 mgd, while the projected demand
for Kula is 15 mgd. Assuming the development of 10 mgd
at Big Spring the resulting minimum streamflow requirement
that can be attained is 28 mgd, which subsequently was
recommended by the fish and wildlife team.
Lahaina:
Wailuku:
Aggregated over W. Maui fish and wildlife req~lirements are
equivalent to an annual average of 20 mgd. It was recommend-
ed by the fish and wilflife team to satisfy these require-
ments. It is noted that no major conflicts with the water
supply system would results.
For the Wailuku area the recommended requirements were based
on the following reasoning. The total demand for HC&S based
on existing fields with 18,000 acres in drip irrigation is
274 mgd of which 132 mgd are satisfied by East Maui stream-
flows and Big Spring. The remaining demand of HC&S at lower
elevations of 142 mgd can be satisfied using Central Basil
(108 mgd), wastewater reuse (14 mgd) and Wailuku streamflows
(20 mgd). As a result the minimum streamflow would be
8 mgd, which satisfies only part of the requirements for
fish and wildlife. Increastng this would require either
additional use of drip irrigation at lower elevations, or
development of additional basal groundwater, or reduction
of sugar cane fields. The last two alternatives were not
judged desirable by the fish and wildlife team, as compared
to marginal improvement in fish and wildlife. However, it
is feasible to convert 5,000 acres to drip irrigation and
reduce the use of Wailuku streamflows. The savings in irri-
gation needs of 10 mgd and a reduction in groundwater of
2 mgd result in the recommended minimum requirements equiva-
lent to 16 mgd annual average.
Note: The following preliminary recommendations were made relevant to the Short
Term Decisions 4,8 and 9 on page 213.~.
Decision 4: Use wastewater from Wailuku and Kihei to irrigate HC&S sugar
cane fields.
Decision 8: Convert an additional 5,000 qcres of HC&S sugar cane fields
at lower elevation to drip irrigation.
Decision 9: The acreage of sugar cane fields at higher elevations on
East Maui should not be expanded.
Decision 11: Develop Big Spring up to 10 mgd in order to irrigate HC&S
sugar cane fields.
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INITIAL PRESENTATION OF SHORT TERM DECISIONS: Comments (cont.)
7. Where Section I of the initial presentation contains recommen-
dations that may be modified based on public response, Section II
presents no recommendations on how the decisions are to be re- .
solved. Instead it presents for the highly controversial de-
cisions the implications of alternative choices. In other words,
it provides insight into what one "loses" versus what one "gains"
if decisions are resolved in a particular way, i.e., the trade-
offs. The concept of tradeoffs is applied to the implications
of decisions and actions which can be presented to and valued
by different groups. Tradeoffs are analyzed for each highly
controversial decision as contrasted to trading off between
complete plans. In summary, tradeoff analysis entails analyzing
the implications of key decisions and obtaining value information
from different groups which subsequently can be taken into accoun
once the study team makes its recommendations.
(continued on page 224)
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INITIAL PRESENTATION OF SHORT TERM DECISIONS (cont.)
III. Highly Controversial Short Term Decisions
The implications of alternative choices for two decisions are presented:
Decision No.6: Increase in demand for Kula for truck farming.
Decision No.7: Source of supply for Kihei resort development from basal
groundwater in Central Maui or Wailuku, or East Maui
streamflow.
A. Kula Demand
Implications associated with alternative levels of water supply pro-
vided to Kula are directly related to alternative growth rates for truck farming
and its associated implications. Thus a decision to increase the water supply
to Kula requires that a choice is made between alternative rates of growth for
truck farming. The latter depends on desired economic structure, in particular
balance between sugar cane and truck farming.
To gain insight into the implications of increasing the demand the
following will be presented:
Employment implications of alternative growth rates for truck farm-
ing.
An exploratory calculation for a particular level of water supply
demand.
Complementary programs to increase the demand.
Advantages and disadvantages of increasing growth rates.
Study team's perception of key concerns and key public groups
to be addressed.
1. Employment Implications
Figures on the following page indicate alternative growth rates
for truck farming and the employment structure on Maui for each of the alterna-
tive growth rates.
The projected employment structure is based on the assumption that
(1) 42 employees in truck farming are added for every 100 acres, (2) these employ-
ees are in addition to those projected for Maui in the State's Economic Base Study,
and (3) trends projected in Ecohomic Base Study represent 0% increase in truck
fanning.
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INITIAL PRESENTATION OF SHORT TERM DECISIONS: Comments (cont.)
8. The growth and employment analysis provides an opportunity for
the water supply team to interact on a substantive basis with
the economic base study performed by the State by analyzing the
implications of an increased growth rate from a water supply
perspective. This is especially important since increasing
the growth rate is counter to State pOlicy but in line with
County policy. Thus the Level B Study provides a mechanism
to contribute towards resolution of the truck farming problem
by clearly stating the alternatives from a water supply per-
spective.
(continued on page 226)
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INITIAL PRESENTATION OF SHORT TERM DECISIONS (cont.)
~vailable Arable Acres
ALTERNATIVE GROWTH RATES
FOR TRUCK FARMING
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INITIAL PRESENTATION OF SHORT TERM DECISIONS: Comments (Cont.)
9. The exploratory calculation is designed to show in clear terms
the implications of a number of feasible choices on a comparable
basis, so that the public can relate to it. On Maui, truck farm-
ing of 2,000 acres is a feasible choice if provisions are also
made to increase productivity so as to make truck farming a
profitable operation. Increasing sugar cane acreage is another
feasible option. Furthermore, it is noted that a set of indica-
tors is used which is expected to be of interest to the public
because they relate to concerns expressed.
(continued on page 228)
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INITIAL PRESENTATION OF SHORT TERM DECISIONS (cont. )
2. Exploratory -Calculations: Comparison of 2 mgd for Either 2000 Acres
Truck Farming or 250 Acres Sugar Cane
Total Irrigation Requirements
in mgd
Irrigation Requirements per Acre
in Gallons Per Day
Acres
Annual Production in $/Acre
Total Annual Production in $
Employment Per 100 Acres
Total Employment
Estimated Profit in %
Notes:
Truck Farming
2
1,0001 )
2,000
5003 )
1,000,000
42 5)
Sugar Cane
2
a,0002)
250
4)
1,305
326,250
56)
125
20 a)
1) High estimate based on water requirements for lands suitable for crop
farming by DOWALD and on including residential water needs.
2) Based on the use of drip irrigation on additional sugar fields.
3) Based on national average productivity and value for the 17 principal
truck farm products on Maui in their respective proportions.
4) Based on productivity of 7.25 tons of sugar per year @ $laO/ton.
5) Based on total employment in other agriculture on Maui of 550 and the
agricultural acreage in Kula of 1,300 in 1972.
6) Based on total employment in sugar of 2,273 and total acreage of
45,677 for Maui in 1970.
7) No estimate of profit in truck farming available but given comments
on its marginal nature it is assumed close to 0%.
8) Based on $30 profit out of $180 sale per ton of sugar.
(continued on page 229)
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INITIAL PRESENTATION OF SHORT TERM DECISIONS: Comments (cont.)
10. In the identification of complementary programs there is an
opportunity for the water supply team to interact with other
Level B study teams on a substantive basis. With respect to
increasing truck farming, the feasibility of improved trans-
portation of products to markets is a case in poi.nt, where the
interaction with the navigation study team may lead to more
specific recommendations. It is noted that at this point in the
planning process the required specificity of the implications
allows for interaction to be substantive and focused.
11. Major concerns to be addressed and key public groups to be con-
tacted are identified explicitly so as to assure tha.t public
responses needed by the study team to arrive at a recommendation
are obtained. It is emphasized that the study team is interested
in orienting the public meetings toward major concerns and key
public groups that will help in resolving the decisions that
confront study managers and study teams. Since the Level B study
in Hawaii is a State and Federal effort, the only other key
publics for the water sup?ly team are local group3 on Maui.
f
I
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INITIAL PRESENTATION OF SHORT TERM DECISIONS (cant.)
Complementary Programs to Increase Truck Farming
The following programs are needed to support increase in truck farming
on Mau!:
Program to improve efficiency of truck farming such as through assist-
ance from Department of Agriculture's Extension Service.
Program to make economic size lots available to farmers either through
leasing or purchasing.
Program to improve transportation to markets s~h as Honolulu.
4. Advantages/Disadvantages of Higher Growth Rate
Advantages
Improved balance between tourist industry and other basic in-
dustries, especially with respect to available employment
opportunities.
Larger increase in value of production and in employment as
compared to growth in sugar industry.
Less dependent on the mainland, i.e., with high growth rates for
truck farming economy is less dependent on tourism from the main-
land and on farm products from California.
Increasing truck farming is responsive to desires by local resi-
dents to own and operate their own business instead of having to
rely on employment in sugar or tourist industry.
Disadvantages
Profitability of truck farming is marginal at the present time
although it may be improved in the future.
A higher growth rate would require special programs to improve
truck farming's competitive situation.
5. Study Team's Perception Regarding Concerns and Public Groups to be
Addressed in Public Meeting
Concerns to be addressed: (1) Value of production, (2) Employment,
(3) Profitability, (4) Economic Structure, (5) Cost to Public.
Public groups to be contacted: (1) Truck Farmers, (2) Sugar Indus-
tries, (3) County, (4) General Public.
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INITIAL PRESENTATION OF SHORT TERM DECISIONS (Cont.)
B. Supply Source for Kihei
Based on the results of Phase 3 a choice is needed among three possible
sources of water supply for Kihei: Wailuku Basal, Central Basal· and East Maui
Streamflows.
1. Overview of Alternative Sources
Present Value of Incremental
Cost for Kihei
Other Present/
Future Uses
Sources
New Wailuku Basal
Existing Central Basal
Existing Maui Streamflows
2. Comparison of Sources
Capital
630
320
700
Energy
377
194
28
None
Presently by HC&Si
reduction could be
achieved with drip
irrigation making water
available for Kihei.
Presently by HC&Si
future needs for in-
stream use and for
truck farming in Kula.
New Wailuku Basal
Advantages. Local planning for pro-
ject is completed.
Water is available for
immediate use in Kihei
resort development.
Existing Central Basal
• Cheapest alternative
East Maui Streamflows
Cheaper than New
Wailuku Basal.
Disadvantages. Most expensive alterna-
tive.
• Water is not available •
until drip irrigation
is installed at lower
elevations by HC&S.
• Savings from drip irri-
gation are uncertain.
Streamflow needed to
satisfy needs for
instream use.
Streamflow needed to
satisfy increased
irrigation demand
in Kula.
3. Concerns Related to Alternative Sources
Concerns to be addEessed: (1) Cost, (2) Availability.
Public groups to be contacted: (1) Resort Developers Kihei, (2)
General Public, (3) County.
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PUBLIC RESPONSE ON INITIAL PRESENTATION: Comments
PHASE 4
Summary of Short Term Decisions
Initial Presentation of Short Term Decisions
------4..~ Public Response on Initial Presentation
Study Team Recommendations
Program Synthesis
Summary Level B Study
•
PUBLIC RESPONSE ON INITIAL PRESENTATION: Documents the response of
the various public groups addressed by the study team in public meetings.
1. Public response is organized in a similar manner as the initial
presentation. However the response· received from each key
public group is not confined to major concerns identified by
the team before the meeting. First, the responses are more
difficult to classify by major concerns because the relationship
is not one to one and not always in terms used by the planner.
Second, during the meeting significant issues may arise that
have to be included in this putput. However the team's identi-
fication of major concerns beforehand is necessary to orient
the discussion during the public meeting and as such is crucial.
2. The content of the public response displayed on the opposite
pages is artificial in the sense that no actual presentation
on short term decisions was made in the course of the case study.
It represents to a large extent the response anticipated given
the comments received in the course of the study effort.
3. Documentation of public response to initial presentation is
needed so that decision makers and reviewers can follow the
arguments leading to the study recommendations.
(continued on page 234)
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PUBLIC RESPONSE TO INITIAL PRESENTATION
I. Recommendations on Noncontroversial Decisions Prepared by Water
Supply Team
Public response to presentation of the recommendations on high level
groundwater development, wastewater reuse investigation and drip irrigation
investigation was not in opposition to the study team's thinking. No unantici-
pated problems surfaced as a result of presentation.
II. Recommendation on Minimum Streamflow Requirements Prepared by Fish and
and Wildlife Team
The public response to this recommendation is documented in the report
by the fish and wildlife team. The implications mentioned for water supply will
be incorporated in the water supply plan.
III. Highly Controversial Short Term Decisions
Public response to the implications of short term decisions on Kula demand
and Kihei source development was extensive and is summarized below.
A. Demand Projection for Kula
Truck Farmers
continuation of past trends of low growth will result in truck farming
remaing a marginal operation.
Programs are needed for truck farmers to help them compete for available
resources in rtIaui against large sugar industries and resort developers.
Truck farmers have always been last in line for water although situation
is improving with recent agreements after disastrous 72-73 droughts.
Not all truck farmers are happy with 15% growth rate because it takes
time to expand markets; most would prefer a growth rate around 10% in
the short term, and possibly higher in the future.
Sugar Industries
Water can be used more profitably to grow sugar instead of growing crops
for truck farming, i.e., sugar cane profit about 20% and truck farming
close to zero.
A high growth rate for truck fa~~ing can only be achieved i£ that part
of the economy is subsidized t.hrougrl various programs.
Artificial stimulation of a high" growtrl rate is at ·tl~~e cost of sugar
ca:fle.
A 5% growth rate is bonsidered reasonable given the conflicting interests.
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(continued on page 235)
PUBLIC RESPONSE ON INITIAL PRESENTATION: Comments (cont.)
3. The expression of environmental concern by the general public
is a typical example of an important issue that surfaces dur-
ing the public meetings and which received less emphasis in
the team's initial presentation. Because of its controversial
nature, study manager and study team will have to take it
explicitly into consideration in arriving at a recommendation
for increasing the demand in Kula.
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PUBLIC RESPONSE TO INITIAL PRESENTATION {CO~lt.}
County of Maui
The county supports high growth of around 10% for truck farming,
in particular because of employment opportunities generated.
The county has proposed a 500 acre agricultural park to facilitate
acquisition of lan~ by farmers in economic size lots together with
programs for efficient cooperative use of farm equipment.
Markets for products from truck farming are expected to develop more
easily once interisland transportation by boat is improved.
The need to interface with transportation studies was stressed.
General Public
The general public is worried about economic stability and outside
interests on the island since without additional truck farming it
appears that by 2000 72% of future basic industry employees is in
the tourist industry. Preference is for a more balanced economic
structure.
Population should not be forced to work in tourist industrYi alterna-
tives such as agriculture should be available and with declining em-
ployment opportunities in sugar cane,truck farming needs to be stimu-
lated.
Major environmental concern is related to the impact higher growth
rates will have on island's population. Thus if truck farming is pro-
jected at 10% and if there is no reduction in other basic industries
such as sugar and tourism, then 13,000 acres in truck farming will
add about 5,500 employees or 22,000 people to Maui's population of
63,000 projected for year 2000. Before deciding on continued 10%
growth rate for truck farming the population level should be deter-
mined so that the environment can be maintained at an acceptable
level.
stimulation of truck farming should not result in increased taxes
to citizens
A 10% growth rate is considered a reasonable and acceptable level
to aim for.
(continued on page 237)
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~~ PUBLIC RESPONSE TO INITIAL PRESENTATION (Continued)
B. Source of Water Supply for Kihei
Resort Developers, Kihei
Assured availability of water is absolutely necessary for a success-
ful resort development in Kihei area which cannot count on savings
from drip irrigation to supply needed demand.
Developers have spent much time and effort developing the Wailuku
alternative for this reason.
General Public
The general public goes along with the use of Wailuku groundwater,
but it was pointed out that earlier anticipation of the needs could
have allowed for better interface between installation of drip irri-
gation for sugar cane and Kihei resort development.
Flexibility in the design of the transmission line was emphasized so
that for instance,central basal groundwater could still be used for
Kihei if savings from drip irrigation turn out to be substantial.
County
The county is in basic agreement with the Wailuku source development
for Kihei.
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STUDY TEAM RECOMMENDATIONS: Comments
PEASE 4
Listing and Screening of Short-Term Decisions
Initial Presentation of Short Term Decisions
Public Response on Initial Presentation
Study Team Recommendations
Program Synthesis
Summary Level B Study
STUDY TEAM RECO~1ENDATIONS are guided by public response. This
output represents the study team's recommendations on how to resolve the
short-term decisions.
1. This is the culmination point of Phase 4. After the team
(1) summarizes the decision to be addressed; (2) presents
recommendations on noncontroversial decisions and implications
of controversial decisions to the public; and (3) receives
and documents public response; then the team makes up its
mind on how to resolve each short-term decision. The sum
total of all reco~mendations on short-term decisions
constitutes the essential input for formulating the
recommended 1985 water supply plan for Maui. Once the team
has for~mulated this plan, recommendations for the focuses
that were not selected in the Level B study are formulated.
2. The recommendations made by the study team in the initial ple-
sentation could change as the result of public response. In
this case, however, public response was in agreement with
initial recommendations so no change was made.
3. Because of public response, flexibility in design was added to
one of the alternatives for satisfying the demand in Kihei.
Thus, none of thp three-alternatives presented by the study
team was cho~en in its original form, but instead a modific-
ation of one of the alternatives was selected.
(continued on pagp L~~)
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STUDY TEAM RECOMMENDATIONS
I. Recommendations on Noncontroversial Decisions Prepared by Water Supply Team
Develop high level groundwater on West Maui for domestic use in Lahaina
area.
Investigate wastewater reuse for sugar cane irrigation.
Investigate effects of drip irrigation on infiltration, recovery I
irrigation needs and productivity.
II. Recommendations on Highly Controversial Short Term Decisions
A. Demand Projection for Kqla
Plan for 10% growth in truck farming acreqge through 1985 and design water
supply system such that by 1985 an additional 4 mgd can be supplied to Kula for
irrigation purposes.
Complementary Program: Develop comprehensive program for truck fanning in
Kula including methods for improved efficiency, for making agricultural land
available to farmers, and for transporting goods to markets.
Considerations
Truck farming produces a higher value of products for the same amount
of water as sugar cane (NED).
Local desire for better balance between tourist industry and other basic
industries (RD).
Given the scarcity of water and the fact that with same amount of water
sugar cane can support considerably less employees, truck farming ex-
pansion is chosen over sugar cane expansion (RD and SWB) .
The less profitable condition of truck farming at the present requires
a special program to improve conditions (implementation).
(continued on page 241)
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STUDY TEAM RECOMMENDATIONS (cont.)
B. Source of Water S~ly for Kihei
Use basal groundwater from Wailuku to satisfy demand in Kihei. In
addition provide flexibility in the design of the system so that possible
savings from drip irrigation at lower elevations can be used to satisfy
part of future Kihei demand. The developed groundwater sources in Wailuku
will then be used to satisfy its increased domestic need.s.
Considerations
Savings from drip irrigation from East Maui streamflows are not
available because they are needed for instream use and for Kula
demand.
Savings from drip irrigation from central basal groundwater are
not available in the short run and their long term availability
is uncertain.
Local coromi t..lllent has been made to ~\Jailuku basal groundwater as
source for Kihei.
Flexibili ty included because pumping cost of central basal ground-
water is s~IDstantially less than of Wailuku basal, while the
initial cost of including flexibility is small.
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STUDY TEAM RECOMMENDATIONS: Comments (cont.)
4. After the study team has resolved the controversial decisions,
recommendations on the remaining decisions whose resolution is
dependent on the former group can be resolved. Thus recommen-
dations for decisions No. 4,8,9,10,11 and 12 on page 213 can
be prepared.
,
(continued on page 246)
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STUDY TEAM RECOMMENDATIONS (cont.)
III. Recommendations on Remaining Short Term Decisions
The remaining short term decisions relate to completing the recommended
1985 water supply plan for Maui. First, the demands for the 1985 plan are
summarized based on information generated in Phase 3 and based on resolution
of decisions presented to the public. Second, recommendations for the remain-
ing decisions are formulated in terms of their implications for the 1985 plan.
A. Projected Demand for 1985
Irrigation requirements are based on the following recommendations with
respect to the short term decisions 8 and 9 (page 213) :
(1) Expansion of drip irrigation is based on the expected acreage remain-
ing in furrow (page 3.3.), except f';?r HC&S where an additional 5, 000 acres
is converted to drip based on the recommendation made by the fish and
wildlife team.
(2) Sugar cane acreage remains at the present level, based on the recommen-
dation made by the fish and wildlife team that sugar cane acreage at
higher elevations on East Maui should not be expanded and based on the
absence of suitable land at other locations.
Present 1985
Lahaina Domestic1) 3 9
. °112 ) 102 81P~oneer M~
Wailuku Domestic1) 4 8
Wailuku 2) 50 45Sugar
HC&S2) 305 264
Kula3) 1.6 6
Kihei 1) 2 9
1) Based on interpolation of demand for the year 1985 in Maui Master Plan
Report; Lahaina and Kihei include demands for resort areas.
2) Irrigation requirements are derived from the following application rates
and acreages for the year 1985.
Irrigation
Method
Furrow
Drip
Application in
Gallons/Acre/Day
10,000
8,000
Pioneer
Mill Acres
4,500
4,500
Wailuku
Sugar Acres
2,500
2,500
HC&S Acres
8,000
23,000
3) Based on 10% growth rate for truck farming acreage.
(continued on page 245)
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B.
STUDY TEAM RECOMMENDATIONS (cont.)
Remaininq'··Short Term Decisions
The remaining short term decisions relate to the basic design of the
water supply system in 1985 and include resolution of decisions 4, 10 and 11
(page 213) •
Lahaina Domestic: Use existing source of 2 mgd basal groundwater, obtain
7 mgd from new high level groundwater source, and eliminate use of stream-
flow for domestic use.
Pioneer Mill: Use allowable 40 mgd from streamflows, 4 mgd from wastewater
and 37 mgd from existing basal groundwater sources. If economically de-
sirable, use residual 5 mgd of existing basal groundwater sources and de-
velop new basal sources for more intensive irrigation of sugar fields.
Wailuku Domestic: Use existing source of 4 mgd basal groundwater and ob-
tain another 4 mgd from new basal groundwater sources.
Wailuku Sugar: Use 45 mgd required for irrigation from Wailuku streamflows.
HC&S: Use 133 mgd available from East Maui streamflows after subtracting
demand for instream use and for Kula; use 10 mgd available from Wailuku
streamflows after subtracting instream use and use Wailuku Sugar; use 4 mgd
wastewater from Wailuku and Kihei each; use all 106 mgd central basal
groundwater; supply residual demand of 7 mgd with Big Spring water.
Kula: Continue use of 2 mgd existing streamflow supply and satisfy
4 mgd increase with East Maui streamflow.
Kihei: Add 7 mgd to present source of 2 mgd from Wailuku basal groundwater.
IV. 1985 System Plan
The recommended 1985 water supply plan is presented in te~s of a system
diagram depicting the connections between demand centers and supply sources. In
addition, recommendations regarding specific timing for system development are
presented on page 166 in terms of the initiation time and rate, of development of
supply sources to serve Lahaina domestic, Pioneer Mill and HC&S.
(continued on page 247)
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STUDY TEAM RECOMMENDATIONS: Comments (cant.)
5. Compare Water Supply Plan for 1985 to the plan on page 211.
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STUDY TEAM RECOMMENDATIONS: Timing of System Development
mgd
10
5
2
75
Basal Groundwater
80
-----I.~ Year
85
7 Lahaina
Domestic
2
Pioneer
40 Mill
42
Wastewater
80
Streamflow
Basal Groundwater
\
75
50
100 20
mgd
----I..... Year
mgd
300
200
188
Kula Demand and Reduction
Basal Groundwater
Streamflow and Big Spring
HC&S
150
100
117
Basal Groundwater
Wastewater
106
--......----------,.-8
75
249
80
---......~ 'Year
8'5
STUDY TEAM RECOMMENDATIONS: Comments (cont.)
5. Th·e nonselected focuses listed on the opposite page were iden-
tified in Information Display No. 2 of Phase 1. A decision
to not pursue these focuses in the Level B study was made at
the end of Phase 1. Based on the insight gained in the course
of the study and on the recommendations made so far, a recomrnen-
~ation for each of the nonselected focuses is needed. Recommen-
dations may range from specific Level C studies to special
investigations.
"
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( STUDY TEAM RECOMMENDATIONS (~ont.)
v. Recommendations on Nonselected Focuses
Demand Estimation, Focus 1. New comprehensive demand projections should
be made in 1980, when additional information on drip irrigation is avail-
able and actions presented in this Level B study should have been imple-
mented.
Supply Measurement, Focus 3. Prepare brief report on possible implica-
tions of Hanapepe Decision on water supply on Maui. No large· scale effort
is desirable until final decision in court case has been reached.
Demand/SW1¥ Comparison, Focus 4. Develop Plan of Study for investigat-
~ng feas~ ~l~ty of storing water between seasons by recharging of the
groundwater. At the present not enough information is available to
decide on the level and type of investigation needed.
Institutional Arrangements, Focus 6. Based on the plans recommended in-
vestigate possible arrangements between public and private parties in-
volved in the development of the water supply system.
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PROGRAM SYNTHESIS: Comments
PHASE 4
Summary of Short Term Decisions
Initial Presentation of Short Term Decisions
Public Response on Initial Presentation
Study Team Recommendations
------~~~ Program Synthesis
Summary Level B Study
PROGRAM SYNTHESIS: This output is a translation of the recommended
water supply plan into an administrative program specifying the actions and
roles of various participants in the implementation of the plan.
1. Program synthesis starts with a summary of the decisions
recommended by the study team, categorized in terms that are
convenient for pr9gram development. For example all decisions
related to source development per se are grou.ped together.
Subsequently, direct and complementary actions associated with
the decisions are identified. Following tllis identification
is an e~timation of the total cost associated with the actions
and, thus, with the plan. Finally the cost is allocated between
NED and EQ. NED costs are allocated to specific functional areas
and a cost sharing arrangement among the various participants
implementing the plan is projected.
I
!
I
I
'I ...;...,.
1(continued on page 25/ t
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PROGRAM SYNTHESIS: Recommended Decisions
Category Recommended Decision
1. System Development
(Source and Transmission)
2. Drip Irrigation
3. Investigations
4. Resolutions
253
1. Develop 7 mgd high level groundwater
in Lahaina.
2. Wastewater reuse for Pioneer Mill:
4 mgd from Lahaina.
3. Develop 11 mgd basal groundwater at
Wailuku for Wailuku domestic (4 mgd)
and Kihei (7 mgd).
4. Wastewater reuse for HC&S: 4 mgd from
Wailuku and 4 mgd from Kihei·.
5. Develop Big Spring: 7 mgd.
6. Reduce pumping from Central Basal by
11 mgd.
7. Deliver 4 mgd to Kula.
8. Deliver 9 mgd to Kihei.
1. Drip irrigation for Pioneer Millon
4,500 acres.
2. Drip irrigation for Wailuku Sugar on
2,500 acres.
3. Drip irrigation for HC&S on 23,000 acres.
1. Investigate feasibility of wastewater
reuse for sugar cane irrigation.
2. Investigate effects of drip irrigation.
1. Resolve to limit minimum streamflows
on Lahaina, Wailuku and East Maui
streams to an equivalent aggregate
annual averages of 20, 18 and 28 mgd,
respectively.
PROGRAM SYNTHESIS: Comments (cont.)
2. Each recommended decision has a series of accompanying direct
actions which are needed to implement the decision. These
actions should be identified as part of the program for the
short term pian.
(continued on page 258)
.....-----------------------------------------
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PROGRAM SYNTHESIS: Direct Actions
Recommended Decision
Direct Actions - System Development
Exploration Design Construction of
Program Study Wells and/or Pipelines
Discontinued
Practice
Develop 7 mgd high level
groWldwater in Lahaina
Wastewater reuse for
Pioneer Mill: 4 mgd from
Lahaina
Develop 11 mgd basal ground-
water at Wailuk.u: Wailuku
domestic (4 mgd) and Kihei
(7 mgd)
Wastewater reuse for HC&S:
4 mgd from Wailuku and 4 mgd
from Kihei
Develop Big Spring: 7 mgd
Reduce pumping from Central
Basal by 11 mgd
Deliver 4 mgd to Kula
Deliver 9 mgd to Kihei
x
*)
x
*)
x
x
x
x
x
x
x
x
x
x
x
X
x
*)See investigation on feasibility of wastewater reuse for irrigation purposes
Recommended Decision
Direct Actions - Drip Irrigation
Purchase Installation
Irrigation of Irrigation
System System
Drip irrigation for
Pioneer Millon 4500
acres
Drip irrigation for
Wailuku Sugar on
2500 acres
Drip irrigation for HC&S
on 18,000 acres
x
x
x
255
x
X
x
(continued on page 257)

PROGRAM SYNTHESIS: Direct Actions (cont.)
Direct Actions - Investigation
Recommended Decision
Investigate feasibility of
wastewater reuse for sugar
cane irrigation
Investigate effects of
drip irrigation
Study Plan
x
x
Research
x
x
r Recommended Decision
Resolve to limit minimum
streamflow on Lahaina, Wailuku
and East Maui streams to an
equivalent aggregate annual
acreage of 20, 18 and 28 mgd
257
Direct Actions - Resolution
Specify state regulations to
set limits where the legal
form depends on the final out-
come of the Hanapepe Decision
PROGRAM SYNTHESIS: Comments (cont.)
3. The decision to develop high level groundwater in the Lahaina
area cannot be fully implemented unless access rights are ob-
tained for exploration, source development and drilling purposes.
Likewise an agricultural program by USDA to assist truck farmers
in Kula is another example where complementary action is needed.
Because of the potential scope of complementary actions and
associated difficulties in estimating the cost, these actions
are identified but their costs are not included in subsequent
analysis.
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PROGRAM SYNTHESIS: Complementary Actions (Examples)
Recommended Decision
1. Develop 7 mgd high level ground-
water in Lahaina.
2. Deliver 4 mgd to Kula for truck
farming.
3. Wastewater reuse for Pioneer
Mill.
259
Complementary Actions
1. Obtain necessary access rights
for exploration and source
development - drilling and
installation (County of Maui) •
1. Agricultural extension pro-
gr~m to increase efficiency
of truck farmers (USDA).
2. Economic lot sizing and ac-
quisition program (county
Agricultural Program and USDA).
3. Program to improve transpor-
tation of farm products to
markets (State Dept. of Trans-
protation.
1. Changes in public health law
allowing use of wastewater
for irrigation (State Legis-
lature) .
PROGRAM SYNTHESIS: Comments (cont.)
4. Total cost is first allocated to the NED and EQ objectives. Re-
sulting NED costs are allocated to study purposes, 'or alterna-
tively, among functional areas. In this respect it is noted
that according to the P&S (page 140) only NED costs can be
allocated among functional areas. Consequently the EQ cost is
not further allocated and it is assumed that the Federal govern-
ment will bear the EQ cost.
s. The criterion used to separate the costs of the investigations
on drip irrigation and the irrigation system necessary to achieve
minimum streamflow requirements between NED and EQ is that both
are features of the plan serving the EQ objective and are only
partly economically justifiable. The percentage of the total
cost allocated to EQ is based on the study team's judgment and
does not result from a particular allocation procedure.
6. Only rough estimates of the costs of the different actions are
possible given the level of detail provided by the plans. For
this reasOn the estimated cost is rounded tc reflect the level
of accuracy to be expected at this level of analysis.
(continued on page 262)
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PROGRAM SYNTHESIS: ·Estimated Cost of Short Term Water Supply Plan
Actions
Total Cost
(Thousand Dollars)
Cost to
NED Objectiv~
(Thousand Dollars)
Cost to
EQ Objective
(Thousand Dollars)
300 300
150 150
10,000 I 10,000
7,900 7,900
15,000 12,500 2,500(2)
Syst~ Development
Exploration
Design Study
Construction
Energy (PV)
Drip Irri,iation
Installation &
cost of irriga-
tion system 3)
Energy (PV)
Investigations
Studies
Resolutions
State resolution
to achieve mini-
mum streamflow
TOTAL
Notes:
350
1,300
35,000
350
900
32,100
400 (1)
2,900
(1) Half of the investigation on the effects of drip irrigation relates to
environmental considerations.
(2) The drip irrigation system on 5000 acres of He&S is necessary to achieve
minimum streamflow requirements recommended by the fish and wildlife team.
(3) It is agreed upon between fish and wildlife and water supply to include
the cost of the drip irrigation ~ystem (for achieving minimum streamflow)
in the water supply plan even though the recommendation came from fish
and wildlife. This is due to the nature of the cost and its direct re-
lationship to the water supply plan.
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PROGRAM SYNTHESIS: Comments (cont.)
7. In allocating NED cost for a Level B study it is the intent to
tollow in principle, the separable cost-remaining benefit
method as described in the P&S, pages 140 through 155. This
means that, to the extent possible, costs that can be attributed
clearly to a particular functional area are to be separated out
first. Subsequently the resulting joint cost is to be distri-
buted among the functional areas. In the case of Level B
studies this distribution has to be based on subjective judgment
by study manager and study team because of the lack of detail
in the plans. Judgment has to be exercised based on consider-
ing the relative advantages for each purpose of the proposed
expenditures and associated actions. Thus rather than evaluat-
ing NED benefits for each purpose to arrive at a distribution
of joint costs, consideration of the actions for which funds
are expended provides the information to distribute joint costs.
As illustrated the joint costs of pumping wastewater were shared
equally by wastewater and water supply because after considera-
tion of the specific actions involved, the study manager and
the water supply team estimated that both purposes received
equal benefits.
8. It is noted that the specific orientation of Phase 4 in terms
of decisions and actions and the analysis of key implications
facilitates exercising judgment with respect to cost sharing.
It would be much more difficult if such judgment was needed on
the basis of complete plans.
(continued on page 2641
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PROGRAM SYNTHESIS: NED Cost Allocation of Short Term Plan
r
Separable Other Remaining
NED Cost WS Cost Purpose Joint Cost
Actions ($1000) ($1000) ($1000) ($1000)
Sxstem Development
Exploration 300 300
• Design Study 150 150
• Construction 10,000 10,000
Energy (PV) 7,900 6 / 300 1,600 WWM,Ws(l)
Drip Irrigation
·
Installation & 12,500 12,500
cost of irriga-
tion systems
• Energy (PV) 350 350
Investigations
• Studies 900 900
TOTAL
Notes:
32,100 30,500 1,600
(1) Most NED costs were allocated to water supply, except part of the
energy costs of source development (wastewater reuse) which are to
be jointly shared by wastewater management. This is because pump-
ing would be necessary for removal of waste from treatment plant
as well as now for transpdrting wastewater to sugar cane fields.
Therefore WWM and WS share pumping costs of wastewater reuse (1600)
on a fifty-fifty basis. .
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PROGRAM SYNTHESIS: Comments (cant.)
9. The cost sharing of the proposed actions is only a first esti-
mate so as to have some idea of the plan's implication for the
different agencies and private groups. It is not intended to
represent the final arrangements with respect to cost sharing.
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PROGRAM SYNTHESIS: Estimated NED cost Sharing Arrangements*)
r",,--
NED Cost Local
Actions ($1000) Federal state (Count Private
WS other
S~stem Development
• Exploration 300 300-(u) (1)
• Design Study 150 45 (d) (2) 80 (s)
• Construction 10,000 2,000(3,4) 3,400(8)4,600 (r)
• Energy (PV) 7,100 800 1,900(3,4) 3,600(s)2,400 (r)
Drip Irrigation
• Installation & 12,500
cost of irriga-
tion system
• Energy (PV) 350
12,500(s)
350(8)
Investigations
• Studies 900 200 (u) 350 (d) 3~O(s)
Notes:
(1) Based on the expertise, long range interest and jurisdiction of USGS, explora-
tion of high level and basal groundwater have been assigned to this Federal
agency.
(2) The State (DOWALD) is contributing to the construction plans for the Lahaina
water system.
(3) The County share includes all costs associated with design studies, construc-
tion and energy (PV) related to domestic water supply.
(4) In addition to the costs related to domestic water supply, included in these
cost figures is a subsidy of 25% to the tourism industry of their share of
construction and energy costs. The latter is based on rapid growth of de-
velopments in Kihei, the subsequent strain on the water supply system and
the associated magnitude of the project.
*)
u - USGS; d - DOWALD
s - sugar industry; r - resort development
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~IMPLEMENTATION OVERVIEW OF SHORT TERM DECISIONS
" "'(
NED Costs EQ Costs Cost Sharing
Actions
System Development
TOTAL
* Wastewater Management
Total WS
($1000)
17,550
31,300
Other Purposes
($1000)
*800
800 2,900
Federal
2%
10%
State
<1%
1%
Local
22%
11%
Private
76"'%
78%
SUMMARY LEVEL B STUDY: Comments
PHASE 4
Summary of Short Term Decisions
Initial Presentation of Short Term Decisions
Public Response on Initial Presentation
Study Team Recommendations
Program Synthesis
-----4,.,__ Summary Level B Study
SUMMARY LEVEL B STUDY: provides the substantive information for the
Executive Summary produced at the end of the Level B effort.
1. The Executive Summary is one of the key outputs of the total
Level B study effort. Each individual study team has to
summarize for inclusion in the Executive Summary their planning
efforts. In order not to duplicate information presented else-
where in this appendix, only an outline of the Executive Summary
is presented, indicating the key questions that should be
answered by the water supply study team with respect to their
planning efforts on Maui.
2. The New Approach states: liThe Executive Summary in the form of
a brochure is intended for easy understanding by the public".
This orientation makes the Executive Summary quite different
from the Final Technical Report. In fact, the specific purpose
in making the Summary Level B Study a separate output in the
planning process is to have the study teams explicitly address
the question: Of all the information generated during toe study,
what are the most important parts that should be communicated
to the public?
3. In order to determine what should be communicated to the public,
the study team needs to critically review its own effort and
provide information on the basis of which the public can clearly
see what tangible results were produced for the money spent on
the study. Not only should such information help to bridge the
credibility gap frequently encountered between planners and
public, but more importantly it should demonstrate how the
planning team has incorporated the feedback received from the
public through the public involvement process.
(continued on page 270)
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SUMMARY LEVEL B STUDY: Outline
The Summary Level B Study is designed to briefly and concisely communicate to
the public the results of the water supply study team effort on Maui. It con-
sists of five principal sections:
I Study Initiation
II Study Focus
III Study Results
IV Study Implications
V Study Implementation.
I. Study Initiation
Pprpose: To convey to the public the type of problems, concerns and issues
that were considered at the beginning of the Level B investigation.
Example: For the water supply effort on Maui problems were identified in
five categories:
Demand:
Supply Sources:
Demand/Supply
Comparisons:
Water Supply System:
Institutional:
11.- Study Focus
Water demand projections (e~ected growth) for
tourism and agriculture; ef~ects of drip irri-
gation on agricultural land use and sugar pro-
duction.
Impact of surface water rights and minimum
streamflow requirements on water source
development.
Study of economic and physical feasibility of
seasonal storage and groundwater recharge.
Develop a "best" plan for water supply and
recommend studies to determine appropriate
parameters.
Given a "best" plan, develop'implementation
mechanisms for government and private interests.
Pu;pose: To convey to the public: (1) after a broad listing of problems,
the study team narrowed the scope of their investigation to a set of
specific study focuses; and (2) the type of questions addressed.
(continued on page 271)
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SUMMARY LEVEL B STUDY: Conunents (cont.)
4. It is emphasized that the different teams indicate what type
of information should be communicated and not how or in what
format. This information should be presented to the public.
Once the inputs from the different study teams are presented
to the study manager, he may use a variety of means to "package"
it in a brochure. The important point is that substance pre-
ceeds format.
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SUMMARY LEVEL B STUDY: Outline (cont.. )
Focus 2
Assess impact of drip irrigation
on agricultural land use and
sugar production.
What are the irrigation require-
ments under drip irrigation?
How much is groundwater re-
charged and what is the recovery
rate under furrow irrigation?
What is the sugar production
per acre under drip irrigation?
III. Study Results
Focus 5
Develop "best" plan for water
supply given uncertainty in basic
parameters and recommend studies
to determine appropriate para-
meters.
What sources should be used
(high level groundwater,
basal groundwater, stream-
flow, wastewater, saline
water, groundwater recharge)?
How should sources be connected
to demand?
What problems need further
investigation?
Purpose: To convey to the public: (1) the recommendations of the study team
for those problems selected as a focus for the study; (2) the type of prob-
lems not resolved by the study.
Example: For Focus 2: "Assess impact of drip irrigation on agricultural land
use and sugar production" the study team developed a program of investigations
that will assure that improved estimates on drip irrigation are available
when plans for ~e period 1985-2000 need to be finalized. The study team
did not make any improvements in the available estimates associated with drip
irrigation.
IV. Study Implications
Purpose: To convey to the public the tangible outputs that will result from
implementing the study.
Example: For Maui, the main implications for implementing ,the 1985 water
supply plan are indicated on the map on page 273.
v. Study Implementation
Purpose: To convey to the public: (1) the cost associated with implementing
the study team's recommendations; and (2) the institutional arrangements
and type of projects necessary for the implementation.
(continued on page 275) •
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KEY IMPLICATIONS OF WATER SUPPLY PLAN FOR THE ISLAND OF MAUl

SUMMARY LEVEL B STUDY: Outline (cont.)
Example: The total cost of the Level B water supply plan is estimated at
$35,000,000. These costs are ~o be shared between government and private
sectors in the following proportions:
Participant
Federal
State
Local
Private
10%
1%
11%
78%
The types of projects are summarized in the following table for the differ-
ent Level B participants.
Participant
Federal
State
Local
Private
Projects
Environmentally oriented investigations;
financial support for actions of the
water supply system designed to enhance
the environment.
Contributions to design studies for com-
ponents of the water supply pland and
future investigative studies.
Planning, construction, and implementa-
tion of domestic water supply system;
contribution toward private system de-
velopment (plans) to facilitate further
development of Maui.
Planning, construction and installation
of water supply system to support sugar
and tourist industries.
The assignment of these actions to the various pa~ticipants is based upon a
combination of their (1) expertise, (2) legal authority and jurisdiction,
and (3) interest in specific projects as they relate to their own missions.
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